Cells and Tissues
An electron microscope differs from a light microscope as it uses electrons therefore there is greater magnification and greater resolution.
Endoplasmic Reticulum: It is a network of membranes covered with granules of ribosomes. This helps aid with protein synthesis. The spaces between the membranes of the endoplasmic reticulum act as a transportation system, sending proteins to the part of cell where it is needed.
Structure of a DNA molecule
There are two strands of DNA coiled around each other to form a double helix.
These strands contain nucleotides.
These strands are linked by complementary bases and these complementary bases are linked by hydrogen bonds. 
The strands are organised anti-parallel to each other.
Genetic Engineering
This involves the formation of recombinant DNA which is a section of DNA/gene that is cut out of the DNA of one species and is inserted into the DNA of another. The organism that receives the gene from a different species is a transgenic organism.
Production of Genetically Modified Bacteria
Bacteria has two sorts of DNA: one is found in the circular chromosomes found in the cytoplasm of the bacteria, and the other is found plasmids.
Restriction endonuclease is an enzyme used to cut out a section of DNA at a specific point. This can be used to obtain the desired gene from the donor organism. Then the plasmid is extracted from the bacteria by leaving it in a solution of calcium ions which makes the cell membrane of the bacteria permeable. 
After a plasmid has been collected from the bacteria, the same restriction endonuclease is used to cut out a section of DNA from the plasmid leaving it open. Then the desired gene is inserted into the plasmid and is then sealed with the use of DNA ligase. After this the recombinant plasmid is incubated with the bacteria and the plasmid re-enters the bacteria. 
Now the plasmid has the gene to produce a specific protein.
The plasmid is called a vector as it carries the gene for the coding of the protein.
Products of Genetically Modified Microorganisms
1. Human Insulin – People with diabetes require insulin but the insulin from animals is not compatible with humans. Therefore, a human gene for insulin is injected it into bacteria for wide-scale insulin production.
2. Growth Hormone – For some children, the pituitary gland does not produce enough growth hormone, and this restricts their growth. Therefore, human growth hormone can be injected to ensure healthy growth.
3. Hepatitis B vaccine – Yeast cells can be modified to produce the antigen of the hepatitis B virus. When the vaccine is injected into a patient, their body makes antibodies against the proteins, so the person becomes immune to the virus.
Production of Genetically Modified Plants
Bacteria can have plasmids injected into them as they have only one cell, however plants have billions of cells so it would be impossible to inject a desired gene into all the cells of the plant. Therefore, a soil bacterium called Agrobacterium is used as a vector.
Agrobacterium injects plasmids into plant cells and therefore can be used to insert the desired gene.
Agrobacterium is genetically modified, and the desired gene is inserted into the Agrobacterium using restriction endonuclease and DNA ligase. After this leaf discs are obtained from the plant to be modified and the discs are treated with genetically modified Agrobacterium and is then cultivated on a nutrient medium. These plantlets grow into a new plant who contain the foreign gene.
However, this technique cannot be used on all plants as Agrobacterium cannot infect cereal. Therefore, the gene gun is used to inject the desired gene into plant cells which is not compatible with Agrobacterium. The gene gun inserts gold pellets coated with DNA that contains the required gene.
The gene gun can be used to produce ‘golden rice’. The rice has three genes added to its normal DNA content. Two of these genes come from the daffodils and the other comes from bacterium. Together, these genes allow rice to produce beta-carotene. This chemical is converted to Vitamin A when consumed and this can help the save the eyesight of people who do not have the necessary vitamin A in their diet.
DNA Replication
Differences between DNA replication and protein synthesis
1. DNA replication involves two template strands; protein synthesis involves one template strand.
2. DNA replication involves DNA nucleotides whilst protein synthesis involves RNA nucleotides.
3. DNA replication uses DNA polymerase whilst protein synthesis uses RNA polymerase
4. DNA replication produces a DNA molecule whilst protein synthesis produces a protein molecule
5. DNA replication occurs only in the nucleus whilst protein synthesis occurs in both the nucleus and the ribosomes in the cytoplasm
The double helix unwinds by the enzyme helicase which breaks the hydrogen bonds between complementary bases. DNA polymerase attaches to RNA primer and adds DNA nucleotides to the complementary strand (process called elongation). The leading complementary strand is assembled continuously as the DNA uncoils. The lagging complementary strand is assembled in short pieces and the pieces are joined together by DNA ligase. DNA ligase seals the sequence into two continuous double strands.




Stages of Mitosis
1. Prophase
Before mitosis, the DNA replicates itself and the chromosomes form to exact copies called chromatids. The chromatids are joined at the centromere and are visible during division. The nuclear membrane breaks down.
2. Metaphase
The spindle fibre forms. The chromosomes at the equator of the spindle fibre, attached to it by the centromeres.
3. Anaphase
The spindle fibre shortens and pulls the chromatids to the opposite ends of the cells. The chromatids separate to form the chromosomes of the two daughter cells.
4. Telophase
The nuclei start forming at the poles of the cells. The cytoplasm starts to divide to produce two daughter cells. Both daughter cells have a copy of each chromosome from the parent cell.

Cells, Tissues and Organs
There are three types of muscles: voluntary, smooth and cardiac.
Voluntary muscles can contract and relax under the conscious control of the brain. 
Smooth muscles are involuntary i.e. they cannot be controlled by the conscious control of the brain e.g. muscles in the gut. These muscles are present in the walls of organs.
Cardiac muscles are those that make up the muscular walls of the heart.
	Type
	Structure
	Function

	Voluntary
	They are striped due to the alignment of protein filaments in cell. Many nuclei per cell. Not branched.
	Rapid contraction to move bones. Under voluntary control of the brain.

	Involuntary
	Non-striated because protein filaments are not aligned in the cell. One nucleus per cell. Not branched. Cell tapered at ends.
	Slow, rhythmic contractions in the walls of gut, blood vessels etc. Not under voluntary control by the brain

	Cardiac
	Striated. Many nuclei per cell. Branched cells forming a strong mesh-like network.
	Only present in the heart. Contracts rhythmically and constantly throughout life without tiring. Not under voluntary control. They are myogenic. 



Tissues that line cells are called epithelia. 
Stem Cells
Stem cells are non-specialised cells that can give rise to different cell types by the process of differentiation.
Embryonic stem cells are found in the early stage of development of embryo. Embryonic stem cells can differentiate into any type of cell.
Adult stem cells are found in certain tissues such as the bone marrow. They can only develop into a limited range of cell types.
Embryonic stem cells can reproduce indefinitely in culture whereas adult stem cells cannot.
It is advantageous to have stem cells from one’s own body as the immune system will recognise the stem cell transplant as self as it is genetically identical to the patients. Stem cells from other people will require immunosuppressant drugs and have a risk of rejection. It is available due to excess from IVF treatment
Embryonic cells have ethical issues as they take away a potential life. 










Biological Molecules
Test for glucose by placing powder in tube and dissolve in water. Add benedict’s solution to the tube and heat in a water bath. There will be a colour change from blue to brick red.
Enzyme activity is affected by pH. At the optimum pH enzyme activity is highest as the largest number of collisions take place between enzyme and substrate molecules. The rate of reaction falls at other pH because the enzyme denatures so the shape of the active site is permanently changed (this is irreversible). Therefore, the substrate can no longer bind to the enzyme therefore enzyme activity falls.
Enzyme activity is affected by:
· Temperature
· pH
· Enzyme and substrate concentration
· Competitive and non-competitive Inhibitors

Competitive Inhibitors
They are molecules with a similar shape to the substrate. They fit into the active site, stopping the substrate from entering. However, this is temporary – the inhibitor can leave, and the substrate can take its place. Hence it is called a competitive inhibitor as the enzyme and substrate are competing for the active site. 
The inhibitor has a similar shape to the substrate and therefore is complementary in shape to the enzyme so it can bind to the active site. The enzyme acts as the lock and the substrate is the key, as per the lock and key theory.
Non-competitive Inhibitors
They do not have a shape like that of the substrate. They do not attach to the active site but to the other parts of the enzyme. When they attach, they change the shape of the whole enzyme including the active site. The active site can hence no longer receive the substrate, so the reaction slows down. However, unlike competitive inhibitors they are not able to catalyse the reaction even if the concentration of the substrate is increased as the substrate cannot fit into the active site. The relative concentration of inhibitor and substrate do not affect the rate of reaction.
It binds at a place on the enzyme other than the active site so it changes the shape of the active site so that the substrate cannot bind to the enzyme. It is an irreversible process.
Immobilised Enzymes
An immobilised enzyme is advantageous over a dissolved enzyme as:
1. The enzymes are more stable at high temperatures and are less likely to denature
2. The enzymes are more resistant to changes in pH
3. The enzymes are less likely to be broken down by organic solvents
4. The products are uncontaminated by enzyme and can be collected more easily
5. The enzyme can be kept and re-used
6. An industrial process can use columns of immobilised enzyme, allowing large scale production.
Enzymes can be immobilised in several ways, such as by attaching the molecule the surface of a material such as porous glass or cellulose, or by trapping the enzyme molecules in a permeable membrane such as nylon or in a polymer such as alginate.
Three uses of immobilised enzymes are:
1. Producing lactose-free milk
People who are lactose-intolerant cannot digest lactose as they cannot produce the enzyme lactase. However, the lactose in milk can be broken down by the use of immobilised enzymes. Lactase is immobilised in porous beads such as calcium alginate and are held in a column. Milk passes down the column as the lactose is broken by down the lactase. Lactase is an expensive enzyme and therefore it is beneficial as lactase can be re-used.
Immobilised lactase is found in porous beads such as calcium alginate and is held in a column. Milk is poured down the column containing the immobilised lactase and lactose binds with lactase to produce glucose and galactose. The milk collected at the end of the column does not contain lactose therefore lactose-intolerant people can drink it. It is beneficial as lactase can be re-used (lactase is expensive)
2. Breakdown of sucrose
The enzyme invertase is produced by yeast cells and can break down sucrose to fructose and glucose. Invertase is used to break down sucrose and produce ‘invert syrup’ which is used for sweetening products in food.
Enzyme invertase is produced by yeast cells. Invertase binds to sucrose and breaks down sucrose to glucose and fructose. The invertase produces ‘invert syrup’ which is used for sweetening products in food.
3. Testing for glucose in blood or urine
Diabetes results in higher than normal levels of glucose in blood and triggers the appearance of glucose in urine. People can be tested for diabetes by using test strips which makes use of immobilised enzymes. 
Test strips consists of two immobilised enzymes.
The first enzyme is glucose oxidase. This catalyses the oxidation of glucose to gluconic acid and hydrogen peroxide.
Glucose + O2         gluconic acid + H2O2 (Reaction 1)
The hydrogen peroxide produced in reaction 1 oxidises a colourless organic substance to its coloured form, X, by removing hydrogen.
XH2 + 2H2O2   2H2O + X 
Reaction 2 is catalysed by another enzyme called peroxidase. The amount of coloured substance X produced is a direct measure of the concentration of glucose present in the sample of blood or urine. The colour change on the strip gives an approximate measure of the concentration of glucose.
Immobilised enzymes are bound to a carboard strip and urine is passed over the strip including the enzyme. If glucose is present it binds to the immobilised enzyme to produce hydrogen peroxide which causes a colour change.















Bones, muscles and joints
The axial skeletal consists of the vertebral column, cranium, ribcage and sternum comprise the axial skeleton. 
The appendicular skeleton consists of the scapula, clavicle, pelvis and limb bones.
Bone
The bone is a hard substance as it contains calcium salts, mainly calcium phosphate. This makes the bone resist bending and compression force. 
The bones are made of cells called osteocytes. The presence of this and protein fibres stop the bones being too brittle and easily broken. 
The middle of the bone is composed of a spongy bone, with fewer calcium salts. These places have holes like a sponge making it less hard. These holes consist of bone marrow which makes them lighter. The bone marrow stores fats and produces blood cells. 
The outside of the bone is made of a harder material, called compact bone. 
In the embryo, the bones start off made of cartilage but as the embryo grows, the cartilage is gradually replaced by bone and this process is called ossification. 
Osteocytes arrange themselves in rings called Harversian systems, around canals containing blood vessels and nerves. The osteocytes secrete calcium phosphate salts, which along with protein fibres make up the bone ‘filling’.
Cartilage remains present at the ends of long bones, where it acts as a cushion between two bones at a joint. Cartilage is a tough but flexible tissue called chondrocytes. The secrete a matrix containing various types of protein fibre.
Covering the outer surface of the bone is a tough membrane called the periosteum.
A person’s long bone stops growing in their late teens.
Calcium is needed for the calcium salts in the bone and vitamin D is needed for the absorption of calcium into the body.  Lack of vitamin D causes a disease called rickets. Lack of calcium causes a disease called osteoporosis.
Cartilage covers the end of the bone and is smooth, so it reduces friction. It also acts as a shock absorber. If cartilage is not present, bones will grind together and cause pain.
Osteoporosis
In Osteoporosis, the bones lose calcium salts and become porous and less dense so that they break easily. There is no cure for osteoporosis, but it can be helped by good diet, calcium and vitamin D supplements.
Joints
Types of Joints:
1. Fibrous/Fixed joints
2. Cartilaginous joint – Semi movable e.g. Cartilaginous Invertebral joint. Discs of cartilage can be squashed to allow some movement.
3. Synovial joint – freely movable
*Muscle responding for bending the spin from side to side is called rectus.
The point where two bones meet is called a joint
Their functions include:
· keeping the ends of bones together, so that they do not separate
· reducing friction between the ends of moving bones
· a shock-absorbing surface between the two bones
Movable joints are called synovial joints. They contain a liquid called synovial fluid. This is secreted by the synovial membrane which lines the space in the middle of the joint. Synovial liquid acts a lubricant, reducing friction between the ends of the bones. 
Cartilage is a strong material but is not brittle. It acts as a shock absorber between the ends of the bones. 
The joint is surrounded by a tough fibrous capsule and is held together by ligaments which runs from one bone to the other across the joint. Ligaments are composed of fibres that make them very tough. They have great strength to resist stretching, called tensile strength, but they also have some elasticity. Ligaments can allow movement but prevent the bones from becoming dislocated. 
There are three types of joints:
1. Freely movable joints
2. Partially movable joints
3. Immovable joints
Freely movable joints include ball and socket joints, such as the shoulder and hip, and hinge joints such as the elbow. 
A ball and socket allow movement in all three planes. 
Hinge joints only allows movement in one plane.
Partially movable joints only allow a little movement. 
Some joints are immovable e.g. those in the cranium.
The joint at the shoulder allows for attachment of muscles to allow for movement of the upper arm 360 degrees.
The joint in the sacroiliac is fixed and there is no movement. There is no cartilage and no ligament present in the sacroiliac joint.
It is important that scapula and humerus to remain still while the forearm moves as each joint requires a fixed end otherwise the movement of the forearm is less.
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Muscles
Skeletal muscles are attached to bones and move them by contracting, pulling on the bone. 
At the end of a muscle there are tendons. A tendon attaches the muscle to the bone. Tendons have a high tensile strength. Tendons are inelastic. 
Muscles usually work in pairs known as antagonistic pairs. 
The place where a muscle is attached to a stationary bone is called the origin. The place where a muscle is attached to a moving bone is known as the insertion. When a muscle contracts, the origin moves towards the insertion.
Skeletal Muscles
Skeletal muscles are made of muscle fibres which are high specialised muscle cells. Muscle fibres are adapted for contraction. They are made of fine protein filaments. 
There are two types of filaments: thick and thin.
When contracting, the thin filaments slide past the thick filaments making the fibres shorter. 
Even when a muscle is relaxed, some of its fibres are contracted. This state of partial contraction is called muscle tone. It keeps muscles taut, but not enough to cause movement. Muscle tone helps to keep the body upright when standing or sitting. 
Symptoms and causes of Osteoporosis
It is when the bones loose calcium salts and become porous and less dense so that they break easily. Women are more vulnerable to osteoporosis as after menopause due to change in in hormone levels. There is no cure, but it can be helped with good diet, calcium and vitamin D supplements and treatment with hormones. Oestrogen levels fall therefore osteoblasts can’t produce enough bones and eventually osteoclasts overpower them. In men high testosterone levels protect bones. 
Treatment: Calcium and vitamin D supplement. Good diet. Exercise.
Coordination
There are more touch receptors in the skin, and they are closer together
The Eye
The advantage of two eyes over one is that it allows for stereoscopic vision therefore the person is able to judge distance and speed. Moreover, it can eliminate blind spot effect;
Astigmatism happens when there is an irregular curvature of the cornea, the lens, or both. It can be cured by corrective lenses which bend the incoming light rays in a way that compensates for the error caused by faulty refraction. 
Rods and cones in the retina convert light to electrical impulses. The impulses travel along the sensory neurone (optic nerve). Chemicals called neurotransmitters diffuse across the synapse between the sensory neurone and attach to receptors on the membrane of the relay neurone.
The Ear
The ear has three parts; the outer, middle and inner ear. The outer ear directs sound waves to the ear drum at the end of the auditory canal, causing it to vibrate. The vibrations are passed across the ear ossicles: the malleus, incus and staples. These bones amplify the vibrations as they pass across them. The staples transmit the vibrations to a membrane-covered opening called the oval window, which is at one end of a coiled structure called the cochlea. The Eustachian tube connects the middle ear with the throat and allows the air pressure to be equalised on either side of the eardrum. 
A structure called the organ of Corti runs along the whole length of the coiled cochlea. The receptor cells in the organ of Corti convert the vibrations to nerve impulses. 
The outer fluid-filled canal runs from the oval window to the top of the cochlea, around the end of the cochlea and back to the round window at the end of the cochlea. 
Vibrations of the oval window are transmitted to the fluid in the outer canal causing the sensory hairs to be stretched. The receptor cells respond by producing nerve impulses. 
The round window vibrates with the opposite phase to the vibrations entering the inner ear through the oval window. This allows for pressure changes between the middle ear and the cochlea. 
The brain determines the frequency of the sound by detecting which hair cells are being stimulated. Those nearest to the oval window are sensitive to high-frequency sounds, while those near the round window are sensitive to low-frequency sounds. The loudness of sound is determined by the amplitude of vibrations of the hair cells. Loud sounds produce high amplitude vibrations which result in more nerve impulses per second in the sensory neurones.
The ossicles transfer vibrations from the eardrum across the middle ear to the oval window and amplifies the vibrations transferred.
The eustachian tube allows air to pass from the throat. This equalises the pressure on either side of the ear drum and this helps keep the malleus in contact with the ear drum.
The cochlea converts vibrations to nerve impulses and transfers them to the brain via the auditory nerve.
Sound is directed through the outer ear by the pinna down to the ear drum. The ear drum vibrates and transfer vibrations to the ear ossicles in the middle ear which are the malleus, incus and staples. These transmit the sound to the structure of the inner ear called the cochlea. Tiny hairs inside this structure move and the sound of the lion’s roar reaches the brain via the auditory nerve.
Prolonged hearing means hearing is reduced as information from cochlea is not detected. Therefore, the impulse is transmitted to the auditory nerve in the brain. The auditory nerve is damaged.
The ear as an organ of balance
The semi-circular canals as well as the sacculus and utriculus are the parts of the ear involved with the sense of balance. In the swellings at the end of the semi-circular canals there are more hair cells, with their hairs embedded in a jelly-like mass called a cupula.
Movement of the fluid in the semi-circular canals causes the cupula to pull on the hair cells, which stimulates them to send nerve impulses to the brain. The canals are arranged in the planes at right-angles to each other, so that they can detect movement in any direction. The sacculus and utriculus also contain hair cells. Their hairs are embedded in a jelly containing calcium carbonate crystals called an otolith. The weight of the otolith pulls on the hair, stimulating the hair cells and producing nerve impulses. This gives information to the brain about the position of the head.

Spinal Cord
The middle of the spinal cord consists of grey matter as it consists of many nerve cell bodies which a grey colour. The outer part of the spinal cord is called white matter as it has a white appearance due to the presence of many axons with fatty myelin sheath.
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Dorsal root contains sensory neurones which carries impulses to the central nervous system.
Dorsal root ganglion holds the cell body of the sensory neurones.
The white matter is myelinated whilst the grey matter is not myelinated.
The Brain
 [image: ]
Cerebrum – It performs higher functions such as interpreting touch, vision and hearing, speech, reasoning, emotions, learning and fine control of movement.
Cerebellum – Coordination of movement. It receives information from the primary motor cortex, muscles and joints
Midbrain – Relays information to the cerebral hemispheres, auditory information to the temporal lobe and visual information to occipital lobe
Pituitary gland -
Hypothalamus – It carries out thermoregulation, sleep, hunger, thirst, blood concentration. It is connected to the pituitary gland which secretes other hormones.
Medulla oblongata – It regulates involuntary processes such as control of heart rate and breathing rate and blood pressure
The middle of the brain consists of white matter in the middle and has grey matter on the outer part. The largest part of the brain is the cerebrum which is made of two cerebral hemispheres. The cerebrum is the source of conscious thoughts. It has an outer layer called the cerebral cortex.
The cerebrum has three main functions:
1. It has sensory areas that receives and processes information from all the sense organs
2. It has motor areas from which voluntary actions originate
3. It is the origin of activities such as memory, reasoning, emotions and personality
The cerebellum coordinates the contraction of sets of muscles and it is involved in balance and posture.
The medulla controls the heart rate and breathing rate
The pituitary gland releases hormones.
Diseases of the Brain
1. Alzheimer’s Disease
It causes dementia. It is caused by two proteins called amyloid and tau which build in the brain and kill brain cells. As the disease progresses, more brain cells are damaged leading to the symptoms of Alzheimer’s.
Symptoms:
· Forgetting recent events, names and faces
· Becoming repetitive
· Forgetting where things are or putting them in strange places
· Not knowing the date or time of day
· Being unsure with surroundings or getting lost
· Problems with speech and finding the right words
· Becoming anxious or irritable
Cure: There is no cure for Alzheimer’s, but it can be helped by a drug that increases the amount of neurotransmitter called Acetylcholine. 
2. Vascular Dementia
It is caused by diseased and damaged blood vessels in the brain. The blood vessels become blocked or leak, reducing the supply of oxygen and nutrients to the brain cells.
No cure but drugs can be used to reduce high blood pressure or lower blood cholesterol and reduce risk of stroke.
3. Parkinson’s Disease
It is caused by the death of certain neurones in the brain. These neurones produce a neurotransmitter called dopamine. A decrease in dopamine causes abnormal brain activity leading the symptoms of Parkinson’s. 
There is no cure, but the symptoms can be helped with the use of Levodopa which enters the brain and is converted to dopamine. Moreover, dopamine agonists (mimic dopamine) and chemicals that inhibit enzymes that break down dopamine can be used.
Mental Illness
1. Schizophrenia
Symptoms:
· A lack of interest in things
· Becoming anxious and confused
· Feeling disconnected from the surrounding
· Difficulty in concentrating
· Wanting to avoid people
· Hallucinating
· Hearing voices
· Having delusions
· Suffering from paranoia
Causes:
· Dopamine – Low levels of dopamine can trigger schizophrenia
· Stress
· Heredity
· Drug Abuse – Can be caused by cannabis and cocaine
Treatments:
· Talking treatment
· Cognitive behaviour therapy
· Family intervention therapy

2. Depression
Symptoms:
· Restless or irritable
· Low self-esteem
· Unable to relate to other people
· Unable to enjoy life or find pleasure in anything
· A sense of unreality
Drugs are chemicals that affect the normal chemical reactions taking place in a person’s body. They may have a physiological effect when taken into the body.
Legal Drugs
1. Paracetamol
It is a painkiller than inhibits an enzyme controlling the production of chemicals in the body called prostaglandins. These chemicals are beneficial for the body but can cause side effects such as pain and fever hence paracetamol is used to control the side effects.
Prostaglandins are produced by the body in response to injury and certain diseases. It is sensitive to nerve endings so when the area is stimulated it causes pain. Paracetamol reduces nerve sensitising prostaglandins in the brain and spinal cord. It reduces fever by affecting the area of the brain regulating the temperature (hypothalamus).
2. Alcohol
It is a recreational drug. It slows down the nervous system and increases the reaction time.
Large amounts of alcohol can interfere with the drinker’s balance and muscular control.  Regular consumption of alcohol in large volume causes cirrhosis. Alcohol has to be detoxified by the liver but drinking too much cannot be coped with by the liver and this damages the liver.
Due to excessive drinking, fat builds up in the liver. Chemical reactions from the breakdown of alcohol over a long period of time damage the liver causing cirrhosis. As a result there is reduced response to insulin therefore less glucose is taken in and the liver is unable to convert excess glucose to glycogen.  
Smoking
Smoking can release nicotine which increases the blood pressure and can cause less oxygen to be supplied to heart muscles as blood clots can form which narrows the coronary artery.
Illegal Drugs
1. Cannabis
It is obtained from a plant called Cannabis sativa. The dried leaves are smoked as Marijuana or Hashish. It contains a psychoactive substance called THC or tetrahydrocannabinol. 
Cannabis can make the user confused or disorientated and can cause hallucinations. Moreover, they can become anxious, depressed and even suicidal.
· Confusion
· Disorientation
· Hallucination
· Anxious
· Depressed
· Suicidal
· Slow reaction time
· Increased heart rate
· Increased risk of stroke
2. Heroin
Heroin is both a legal and illegal plant. It is a modified form of morphine and is used as a pain killer in hospitals. 
Heroin is a narcotic and is usually injected into a vein but can also be smoked or inhaled. Users of heroin develop a tolerance to heroin i.e. they will need to consumer more heroin to get the same effect and this leads to addiction.
· Addition/Drug craving
· Depression
· Anxiety
· Stomach cramps
· Sweating
· Insomnia
· Diarrhoea
· Fever
· Muscle spasm
· Nausea and vomiting
· Increased blood pressure and heart rate
3. Cocaine
Cocaine can cause many health problems such as nosebleeds, dizziness, nausea, fever, seizures, breathing difficulties, tremors and muscle twitches. In addition, it can cause many problems such as a breakdown of the large intestine due to reduced blood flow.
· Increase heart rate and blood pressure
· Cause nosebleeds
· Dizziness
· Nausea
· Fever
· Seizures
· Breathing difficulities
· Tremors
· Muscle twitches
· Addiction
· Breakdown of large intestine in long run due to reduced blood flow
The Thyroid and Control of Metabolic Rate
The thyroid makes a hormone called thyroxine which increases the BMR (base metabolic rate) causing cells to respire more aerobically to produce more ATP.
Thyroxine is released during exercise and cold surroundings when ATP can be released to produce heat. Thyroxine also increases protein synthesis, so it is needed for growth and development. 
When changes are not needed, the BMR is controlled within very exact limits. The hypothalamus detects a slight drop in the BMR and responds by making a hormone called thyrotropin releasing hormone (THR). THR travels from the hypothalamus to the pituitary gland, where it stimulates the release of another hormone called thyroid-stimulating hormone (THS). THS passes into the bloodstream to the thyroid, where it stimulates synthesis and release of thyroxine which brings back the BMR to normal levels. This is in turn causes the hypothalamus to release THR. 




























Nutrition and Energy
Minerals
1. Calcium – Makes teeth and bones. It is found in dairy products, fish, bread, vegetables
2. Phosphorous – Making teeth and bones, part of making chemicals e.g. DNA and ATP. Found in most food
3. Sodium is needed in body fluids. Found in common salts and most food
4. Chlorine is needed in body fluids. Found in common salts and most food
5. Magnesium is needed for making bones. It is found in cells. It is found in green vegetables
6. Iron is part of haemoglobin in red blood cells and helps carry oxygen. It is found in read meat, liver, eggs, some vegetables e.g. spinach.
Vitamins
1. Vitamin A is used to make a light-sensitive chemical in the retina and protects the surface of the eye. A lack of Vitamin A can lead to night blindness and total blindness. It is found in fish liver oils, liver, butter, margarine and carrots
2. Vitamin B1 helps with cell respiration. A lack of vitamin B1 leads to beriberi. It is found in yeast extract and cereals
3. Vitamin B2 helps with cell respiration. A lack of vitamin B2 leads to poor growth and dry skin. It is found in green vegetables, eggs and fish
4. Vitamin B3 helps with cell respiration. A lack of vitamin B3 leads to pellagra (dry red skin, poor growth and digestive disorders). It is found in liver, meat and fish
5. Vitamin C helps stick together cells lining surfaces such as the mouth. A lack of vitamin C leads to scurvy. It is found in fresh fruits and vegetables
6. Vitamin D helps bones absorb calcium and phosphate. A lack of vitamin D causes rickets and poor teeth. It is found in fish liver oil and also made in skin in sunlight.
Fibre is needed to prevent bowel cancer and prevent constipation. It allows for more efficient peristalsis therefore it moves waste more quickly through the large intestine.
Teeth
There are four types of teeth:
1. Incisors 
They are found at the front of the mouth. They are relatively sharped, chisel-shaped teeth, used for biting off pieces of food. They cut food.
2. Canines
They are sharp and pointed which is used to tear meet.
3. Premolars
They have cusps and are used for crushing and grinding food. They crush and grind food.
4. Molars
They have cusps and are used for crushing and grinding food. They crush and grind food.
Molars contain ridges which trap food and form a plaque. Bacteria break down glucose to produce lactic acid which dissolves the enamel and causes tooth decay. Moreover, molars are found at the back so it is harder to reach with a toothbrush.
Enamel – It is the hardest substance in the body
Dentine – It is found underneath enamel and is a softer material
Pulp Cavity – It is found in the middle of the tooth. It contains blood vessels and nerves. There are fine channels running through the dentine, filled with cytoplasm. These cytoplasmic strands are kept alive by nutrients and oxygen from the blood vessels in the pulp cavity. 
The root of the teeth is covered by cement containing fibres. This material anchors the tooth in the jawbone but allows a slight degree of the movement when the person is chewing. 
	
	I
	C
	PM
	M
	Right
	Left
	Total

	Upper Jaw
	2
	1
	2
	3
	8
	8
	8 +8 = 16

	Lower Jaw
	2
	1
	2
	3
	8
	8
	8 + 8 = 16

16 + 16 = 32

	Milk Teeth Upper jaw
	2
	1
	2
	0
	5
	5
	5 + 5 = 10

	Milk Teeth Lower Jaw
	2
	1
	2
	0
	5
	5
	5 + 5 = 10

10 + 10 = 20



Tooth Decay
If food particles remain on the tooth, bacteria feed on the sugar forming acid which dissolve the enamel
Once the enamel is penetrated the acid breaks down the softer dentine. Then the bacteria enter the dentine and breaks down the pulp cavity causing Periodontal disease.
Bacteria form an invisible layer on the surface of the teeth called a plaque. If the plaque is left on the teeth without brushing it leaves a hardened layer called a Tatar. 
Food can be trapped between teeth or left on teeth. Lactic acid bacteria then break down the sugar into lactic acid that dissolves the enamel and bacteria could penetrate the dentine.
Molars are more likely to decay as they are ridged and have a larger surface area, so food is more likely to accumulate. Moreover, they are situated at the back, so food is less likely to be removed whilst brushing.
Tooth decay can be reduced by drinking water with more fluoride, visiting the dentist more often, brushing teeth better and twice a day and better diet.
Dental Hygiene
You must brush the teeth twice a day. Fluoride in toothpaste strengthens the teeth. You must floss to remove food particles around and between teeth.
Drinking water or brushing teeth with toothpaste that contains fluoride can strengthen the enamel. Moreover, visiting the dentist regularly and having a good diet can improve dental hygiene.
Body Mass Index
BMI = (mass in kg) / (height in metres)2
Food Hygiene
Some bacteria that cause disease that are transmitted in food are:
· Salmonella Enterica – causes salmonellosis 
· Salmonella Typhi – causes typhoid fever
· Listeria Monocytogenes – causes listeriosis
· Clostridium Botulinum – causes botulism
Preventing transmission of Microorganisms in food
· Prevent microorganisms from getting into the food in the first place
· Treat food to slow down the rate at which microorganisms multiply in the food
· Cook food properly to kill any microorganisms
At home, food should be stored in a way that minimises contamination. For e.g.:
· Cooked and raw foods should not be stored together. This is because bacteria in the uncooked food may be transmitted to the cooked food
· Foods that have been previously frozen and then thawed should be cooked and eaten straight away, and not re-frozen. This especially applies to foods such as meat, fish and ice cream. Bacteria grow more quickly in previously frozen and thawed foods than in fresh foods
· Food should not be left in the open air or on a work surface. Bacteria in the air could land on the food, and insects such as flies could carry bacteria to the food
How to prevent transmission of a disease
1. Wash hands before handling before as the hand may be covered with the bacteria. Washing can prevent the transmission of the pathogen
2. Food must be stored in a refrigerator as low temperatures slow down bacteria reproduction as enzyme reactions are lower due to enzyme substrate molecules having less kinetic energy
3. Meat must be stored at the bottom of the refrigerator as meat can contain bacteria which can contaminate other food and the pathogen could be transmitted
4. Food must be thoroughly cooked in order to kill microorganisms in the food which can cause diseases
5. Flies can land on faeces and on food left in the open and this can transmit pathogens such as typhoid and contaminate the food (Fly is a vector). Therefore, flies must be killed.
6. Sewage must be treated in order to remove pathogens such as cholera and typhoid from the faeces to prevent transmission from flies landing on them.
7. Cover food or place it in a fridge to prevent transmission of pathogen from fly to the food.
8. Meat is stored lower as if stored higher the meat juice can drip down and contaminate the other food.




Respiration
The energy store in ATP can be used for:
· Contraction of muscle cells, producing movement
· Active transport of molecules and ions
· Building large molecules, such as proteins
· Cell division
· Release heat to maintain constant body temperature
ATP is composed of an organic molecule called adenosine attached to three phosphate groups. ATP can be broken down, losing one phosphate group and forming adenosine diphosphate or ADP. When this reaction takes place, chemical energy is released. This energy can be used to drive metabolic processes.
During respiration, the opposite takes place. Energy from the oxidation of glucose is used to drive the reverse reaction and a phosphate is added onto ADP to form ATP.




















Gas Exchange
CO2 is removed by diffusing out of the cell into the blood plasma. It is dissolved as hydrogen carbonate ions and it diffuses from the alveoli and is exhaled from the lung.
Measuring breathing volumes
The floating box is filled with air, or medical-grade oxygen. A person breathes in and out through a mouthpiece in the floating lid of the spirometer chamber. As they breathe, the lid moves up and down and a pen records the breathing movements on a rotating drum, which is covered by a piece of graph paper. A canister of soda lime absorbs carbon dioxide from the subject’s exhaled air. The speed at which the drum turns is set, so that that the number of breaths per minute can be worked out.
The tidal volume is the volume of air breathed in and out with a normal breath at rest
The maximum volume of air that can be breathed in forcefully in one breath is the vital capacity
The volume of air remaining in the lungs even someone has breathed out forcefully is called the residual volume.
 The maximum total volume of the lungs is called the lung capacity.
Control of breathing rate
When carbon dioxide concentration increases, it is detected by the medulla of the brain and the aorta and the carotid arteries leading from the heart. These receptors send messages to the respiratory centre, which is also located in the medulla of the brain. The respiratory centre sends messages to the diaphragm and the intercoastal muscles, causing both the breathing rate and the depth of breathing to increase. This adjusts the levels of carbon dioxide and oxygen in the blood.
External intercoastal muscles contract and diaphragm contracts and flattens. The internal intercoastal muscles relax. The thorax increases in volume and the ribcage moves upwards and outwards and the pressure in the thorax decreases therefore enters the lungs down a pressure gradient.
Smoking can:
· Paralyse or destroy cilia which can cause accumulation of mucus, so pathogen is not removed from the body. The pathogen can enter the lungs and cause a respiratory illness.
· Cause emphysema. Alveoli can break down and reduce the surface area so there is less area of gaseous exchange therefore less oxygen is taken into the lungs.
· Cause bronchitis. It can cause gasping and wheezing due to poor oxygenation of blood.
· Lung cancer. Cigarette contains tar which is a carcinogen and can cause lung cancer.
· Smoke contains carbon monoxide which is poisonous as it binds more strongly with haemoglobin than oxygen and reduce the amount of oxygen that is carried.
· It can increase the risk of a heart attack as due to high blood pressure less oxygen is carried to heart muscles. This can be caused by narrowing of arteries due to blood clot forming from nicotine release.












Internal Transport
[image: ]
Tissue fluid surrounds cells and carries oxygen and glucose from the blood in the capillaries into the cells. It is formed from the plasma under high pressure. It also carries waste from the cells. Excess tissue fluids drain into the lymph vessel.
Heart Rate
Changes in heart rate are controlled by nerve impulses from the cardiac centre in the part of the brain called the medulla. When we exercise, the body produces more carbon dioxide which is detected by receptors in the Aorta and the carotid artery. They send nerve impulses along the sensory neurone to the medulla. The medulla responds by sending nerve impulses along the accelerator nerve. When carbon dioxide concentration returns to normal, the medulla receives fewer nerve impulses and therefore sends impulses along the decelerator nerve.
Blood Groups and Transfusions
Each red blood cell has an antigen. There are antibodies in the plasma that destroy certain red blood cells with a particular antigen. A person with blood group A has an antibody “Anti-B” which destroys RBC with a group B antigen. Similarly, a person with blood group B has an antibody “Anti-A” which destroys RBC with a group A antigen. A person with blood group AB has no antibodies and therefore accepts blood transfusions where RBC antigen can be either A, B or AB. A person with blood group O does not have an antigen on the surface of their RBC and therefore can donate their blood to any person with no issues. However, they have antibodies “Anti-A” and “Anti-B” and hence reject blood groups A, B and AB. They only accept blood donations of blood group O.
It is important that blood from the correct group is given. If not, the blood may be rejected, and this can cause the red blood cells to agglutinate and this can cause vessels to become blocked so no or less oxygen is transported which can cause heart muscles to die causing a heart attack.  
AB is universal recipient
O is universal donor
AB does not have antibody “A” or “B” therefore there will be no agglutination from donors. However, AB has Antigen “A” and antigen “B” which will react with A antibody in blood group B or B antibody in blood group A, or antibody A and B in blood group O. This can cause agglutination which can block the blood vessel and can cause the coronary artery to carry less glucose and oxygen to the heart muscle therefore heart cannot carry aerobic respiration. Heart muscles undergoes anaerobic respiration which produces lactic acid which lowers the pH and causes enzymes to denature so heart muscles die causing a heart attack.
Blood loss is higher in an artery than a vein as an artery carries blood away from the heart under high blood pressure therefore more blood is lost.

Lymphocytes release antibodies which attaches to antigens and clumps the pathogen together and the antibody complex acts as a signal for phagocytes. Phagocytes engulf the pathogen and release enzymes which digests the pathogen. This process is phagocytosis.
Coronary Heart Disease
A blood clot can block the coronary artery which increases the blood pressure and the heart muscles cannot receive oxygen and glucose and the muscles are unable to carry out aerobic respiration. They may respire anaerobically and can produce lactic acid and the heart muscles would start dying causing a heart attack.
Atherosclerosis is when the coronary arteries are blocked by the build-up of fatty substances such as cholesterol in the walls. 
To treat CHD, a medical procedure called angioplasty can be carried out. This widens the artery so that normal blood flow returns to the heart muscles. 
In angioplasty, a catheter is inserted into a blood vessel in the arm or in the groin. The catheter has a thin guide wire which the doctor uses to navigate the catheter to the blocked region of the artery. At the end of the catheter, there is a small inflatable balloon with an expandable mesh tube called a stent around the balloon. The balloon is inflated, and the cholesterol is pushed against the wall of the arteries. The inflatable balloon also expands the stent. Then, the balloon is deflated and the balloon, guide wire and catheter are removed. The stent remains in the blood vessels allowing blood to flow. Sometimes, the inflation of the balloon is enough without the need for a stent.
Stents can also be used to treat Arteriosclerosis. 
Eating fatty food can deposit cholesterol in the wall of the artery causing an atheroma. The atheroma can cause the narrowing of the coronary artery. Therefore, there is reduced blood flow to the heart so the heart muscles receive less oxygen and glucose therefore less aerobic respiration is carried out. Anaerobic respiration is carried out and this produces lactic acid which lowers the pH and causes the enzymes to denature. The heart muscles start dying.
Due to exposure to air, thrombokinase converts prothrombin to thrombin. This turns fibrinogen to fibrin which forms a mesh over the wound and prevents blood loss and entry of pathogen into the body.
Statins
Statins are chemicals that lower the blood cholesterol. Statins inhibit the an enzyme involved in the synthesis of cholesterol. 
Plant Stanol Esters
Stanol esters lower blood cholesterol levels. They are naturally found in plants and in vegetable oil. These stanol esters lower blood cholesterol and have not affected the development of cardiovascular disease itself. 
Beta Blockers
These are a class of drugs that are mainly used to manage unusual heart rhythms and to protect against a second heart attack after a person has already had one attack. 
Beta blockers work on the nervous system. Beta blockers block the action of adrenaline at its receptor sites in various parts of the body, including the heart. This reduces the heart rate and stroke volume. This means the heart has to work less hard and needs less oxygen.
Hypertension/Blood Pressure
Blood pressure can be treated by using ACE inhibitors. ACE stands for angiotensin converting enzyme and is part of the renin-angiotensin system which controls blood pressure. When blood pressure decreases, the kidney produces an enzyme called renin which is released into the blood where it cuts a plasma protein called angiotensinogen into a peptide made up of 10 amino acids called angiotensin I. ACE then converts angiotensin I into another peptide of 8 amino acids, called angiotensin II. Angiotensin II is a hormone that acts on blood vessels, causing them to constrict. This increases blood pressure. 
ACE inhibitors inhibit the enzyme so that Angiotensin II is not produced and there is no increase in blood pressure.
Monoclonal Antibodies
Monoclonal antibodies are antibodies that are made in the laboratory. They can be made on a large scale and used for the diagnosis and treatment of disease, and for medical research. They are made by a single clone of cells and so each antibody is specific to a particular antigen.
They are produced by special cells called hybridoma cells. Hybridoma cells are made by fusing antibody-producing lymphocytes with certain cancer cells. The lymphocytes make antibodies but cannot divide while the cancer cells can cell indefinitely. The hybridoma cells can divide and make antibodies. 
It is produced using the following steps:
Firstly, an antigen is injected into a laboratory mouse. This stimulates the mouse to make antibody-producing lymphocytes. Several types of lymphocyte are made against the antigen as receptor proteins on the surface of the lymphocytes bind to different parts of the antigen molecule.
Next, lymphocytes are taken from a spleen of the mouse and placed together with cancer cells in a special medium that encourages the two types of cells to fuse together.
This produces hybridoma cells. Some unfused cells reaming in the medium, but the conditions of the culture only allow hybridoma cells to grow. Individual hybridoma cells are then placed in wells in a tray, where they grow into clones.
The clones produce different antibodies. The clones that makes the require antibody is identified by testing its ability to bind with the antigen. Once isolated, the clone will divide indefinitely, producing unlimited supplies of the antibody. 
Monoclonal antibodies have several important uses, including detecting and treating cancer. To detect cancer, monoclonal antibodies are produced using antigens from the cancer cells. These antibodies can then be used to detect the cancer antigen in tissue samples from other patients. 
Monoclonal antibodies can be used to detect and treat cancer by killing cancer cells or by interfering with signalling pathways in cells.
Due to more exercise, heart muscles get stronger and there are more capillaries which carry more oxygen to cells therefore the resting heart rate is less as the same amount of oxygen is carried in fewer heart beats.














Homeostatic Mechanisms
Homeostasis is maintaining constant internal conditions of the body.
When a kidney fails, one of two ways can be carried out to keep the person alive: a kidney transplant, or dialysis.
Kidney Transplant
A kidney transplant has an issue of being rejected by the body’s immune system. There are three ways to prevent rejection:
· Tissue typing can be carried out to match the donor kidney with the tissues of the patient
· The patient can be given immunosuppressant drugs until the kidney is accepted by the body
· The bone marrow of the patient can be treated with radiation. This reduces the production of white blood cells which are responsible for the immune response
Kidney Dialysis Machine
The dialysis machine filters the patient’s blood, removing urea and other waste, as well as excess water and salts. Blood from the patient flows on one side of the membrane in the machine whilst clean dialysis solution flows on the other side. The dialysis solution contains a solution of salt and glucose in the exact concentration that the body requires
As the blood flows past the membrane, urea and unwanted water and salts diffuse through the holes into the dialysis solution. The dialysis fluid is replaced with fresh solution all the time. 
In order to carry out dialysis, it is easier to take blood from a vein than an artery because veins are closer to the skin and have a wider diameter than arteries. However, the blood pressure is too low, so an operation is first carried out to connect an artery to a vein which increases the blood pressure.
The purified blood returns to the patient through a second tube connected to the vein.
Advantage of Transplant
1. Long term solution
2. Quality of life is better
3. Survival rate is better
4. Able to work
5. Do not have to spend time undergoing dialysis
Disadvantages of transplant
1. Shortage of organs
2. Difficulty in finding a matching donor
3. Transplant involves an operation/surgery which has risks
4. Risk of rejection
5. Need to be on drugs
Monitoring Body Temperature
The body temperature is monitored by a part of the brain called the thermoregulatory centre. This is located in the hypothalamus of the brain.
Reproduction and Heredity
Pregnant women need more energy for growth of the unborn baby and to carry the baby.
IVF (In vitro fertilisation)
Some women find it difficult to become pregnant as they cannot produce enough FSH to allow the eggs to mature in the ovary. 
It involves giving a mother FSH and LH to stimulate the maturation of several eggs. The eggs are collected from the mother and fertilised by the sperm from the father in a dish in the laboratory. The fertilised eggs divide by mitosis to form an embryo. The embryo is inserted into the surrogate mother’s uterus in order to become pregnant.
Oestrogen repairs the uterus lining and inhibits the release of FSH and peak of oestrogen influences release of LH.
Progesterone suppresses the level of FSH and maintains thickness of uterus lining. 
The uterus decreases in thickness from day 1 to 8. After that the uterus increases in thickness and peaks around day 20.  The uterus then decreases in thickness after 24 days. 
The uterus increases in thickness to allow implantation of the embryo. The uterus lining decreases later as it is removed along with the unfertilised ovum.
The temperature increases at ovulation. Sexual intercourse must occur at this time to increase chances of pregnancy as it increases the chance of fertilisation.
Advantages of breast feeding
1. Transfer of colostrum
2. Contains many antibodies
3. Giving immunity to many diseases
4. Reduces risk of infection as avoid risk of using contaminated water
5. It is at correct temperature
6. Bonding between mother and baby
Advantages of IVF
· It allows people to have babies of their own, who otherwise can't due to a variety of reasons.
· It has a safe track record and has been used since 1978. The embryos can be screened for genetic diseases, which is important for families that already have an affected child. Only unaffected embryos are used.
· Unused eggs can be used for research or donated to other couples.
Disadvantages of IVF
· There are side effects form the drugs used, such as hot flushes and severe headaches.
· There is a possibility of multiple births, which is dangerous for mother and babies.
· Ovarian hyper-stimulation syndrome (OHS), when too many eggs develop in the ovaries.
· It is very emotionally and physically stressful.
· The success rates are not high
A recessive allele is an allele which is not expressed in the phenotype when heterozygous. It is only expressed in the homozygous recessive condition in the absence of a dominant allele.
A gene is a section of the DNA which gives a particular characteristic by coding for amino acids which produces proteins.
Co-dominance is when there are two dominant alleles for a given characteristic so both alleles are expressed in the phenotype.
In cystic fibrosis mucus is thicker and stickier therefore it less oxygen can be taken in to the body therefore less aerobic respiration is carried out releasing less energy therefore the person is easily tired.
It can be treated by the use of gene therapy. Viruses can be used as a vector to transfer the DNA for the functioning gene which produces normal mucus. However, it is not successful as the lung’s defence system prevents cells from taking up the gene.
Intra-Uterine Device
It is inserted into the uterus. It prevents fertilisation by preventing sperm reaching the ovum. Moreover, it prevents embryo from implanting into the uterus therefore preventing pregnancy. Some also releases contraceptive hormones.
Advantages:
· Do not need to take pills
· It lasts for up to 10 years
· It is not affected by medicine i.e. there are no side effects
· It can be used during breastfeeding
· Works straight away after insertion
Disadvantage:
· Can cause heavy periods
· Periods last for longer
· Can cause infections just after being inserted into
· Could lead to ectopic pregnancy
Disease
Bacteria
Bacteria reproduce asexually by binary fission where the single chromosome in the cytoplasm is copied and the two copies separate to the ends of the cells. The cell membranes fold inwards forming a double layer across the middle of the cell. Two cell walls are then made between the two membranes. Finally, the daughter cells separate and grow until they are ready to divide again.





The curve starts with a lag phase where the bacteria adjust to their environment. They may need to switch on genes needed to make enzymes to digest nutrients. Growth then accelerates towards the growth phase where cells divide in equal time intervals. Towards the end of the growth phase, the rate of formation of cells equals the rate of death. This is followed by the death phase where the number of cells that die is more than the number of cells formed. 
The stationery and death phase may be caused by limiting factors. As bacteria survive and reproduce the bacteria may use of the oxygen or nutrients or they may produce poisonous waste. 
Bacteria is useful as:
· They produce yogurt
· Cheese flavouring
· Sewage treatment
· Recycling nutrients
· Antibiotic manufacture
· Vinegar production
Course of a disease
The general course of the disease starts with the infection by the pathogenic organism, followed by an incubation period until the person starts showing symptoms of the disease.
	Method of Infection
	How transmission happens
	Examples of diseases

	Droplet infection
	Most diseases transmitted this way cause respiratory diseases. The organisms are carried in tiny droplets through the air when an infected person coughs or sneezes. 
	Common cold, pneumonia, influenza, tuberculosis

	Drinking contaminated water
	The microorganisms transmitted this way infect regions in the gut. When a person drinks unclean water containing the organism, they colonise a suitable area of the gut and reproduce. They are passed out with faeces and find their way back to water
	Cholera, typhoid, polio

	Eating contaminated food
	Most food poisoning is bacterial, but some viruses are transmitted this way. They normally infect a region of the gut
	Typhoid, polio, salmonellosis, listeriosis, botulism

	Direct contact
	Skin infections are transmitted by direct contact with an infected person or with a surface carrying the microorganism. 
	Athlete’s foot, ringworm, Ebola

	Sexual intercourse
	Transfer of bodily fluids can transmit diseases
	Chlamydia, syphilis, AIDS, gonorrhoea

	Blood-to-blood contact
	When blood come in contact, the pathogen can be transferred
	AIDS, hepatitis B

	Animal vectors
	Many diseases are transmitted by insect bites. Mosquitoes spread malaria and tsetse flies spread sleeping sickness. Flies carry microorganism form faeces onto food.
	Malaria, sleeping sickness, typhoid, salmonellosis



Bacteria can be used to produce vinegar. It can be used to produce yogurt. It can be used to produce antibiotics.
There is a time interval before symptoms appear as bacteria need time for the food to travel along the gut. Moreover, only a small no of bacteria is taken in hence bacteria needs time to reproduce in large numbers and produce toxins.
A disease is endemic when it is always present in the population at constant levels.
A sex-linked disease is one that is carried on the X-chromosome and is passed onto offspring. Males are more likely to be affected as they have only one X chromosome so they either have the condition or not. However, females can be homozygous recessive or heterozygous for the disease therefore may not always be affected even if they receive the allele.
A carrier for a disease has a dominant and recessive allele for the condition.
HIV/AIDs
HIV infects a type of white blood cell; a lymphocyte called a T-helper cell. The role of these cells is to help other lymphocytes become active and start fighting infections. A typical infection with HIV follows this course:
1. The genetic material of HIV is RNA. The virus makes the DNA from the RNA, and this DNA becomes incorporated into the DNA of the T-helper cell.
2. The HIV DNA cell is activated. It instructs other lymphocytes to make HIV proteins and more RNA.
3. The HIV proteins and RNA are assembled into new virus particles
4. Some of the HIV proteins end up as antigens on the surface of the cell
5. These HIV proteins are recognised by the person’s immune system as being ‘foreign’ to the body
6. The lymphocyte is destroyed by the immune system
7. The assembled virus particles escape to infect other lymphocytes
8. The cycle repeats itself as long as the body can replace the lymphocytes that have been destroyed
9. Eventually the body will not be to replace lymphocytes as quickly as they are being destroyed
10. The number of free viruses in the blood increases rapidly and HIV may infect other areas of the body, including the brain
11. The immune system is severely damaged, and other disease-causing microorganisms infect the body
12. Death is the result of ‘opportunistic’ infection by TB and pneumonia because the immune system can no longer destroy the organisms that cause these diseases.
Gonorrhoea can cause infertility in women as it can cause the oviduct to swell and therefore it acts as an obstruction and prevents sperm and ovum meeting.
Ebola
There is no cure for Ebola however Oral rehydration therapy can be used to treat people and help increase chances of survival. 
Oral Rehydration Therapy
Oral rehydration therapy contains a solution of salts and glucose which is mixed with sterile water. If a person is suffering from vomiting or diarrhoea, they can be given oral rehydration therapy which rehydrates their tissues and prevents further damage or death. It rehydrates the bloodstream as cells receive the right concentration of salts and glucose therefore water re-enters the bloodstream by osmosis preventing further loss of fluid.
Diarrhoea causes water loss from body and the body becomes dehydrated and this affects metabolism and osmotic balance of the body. As a result, oral rehydration therapy is given which rehydrates the body. It contains water containing salts. This is given after every watery stool
Athlete’s Foot
It is caused by a fungi. It grows on the warm, moist skin between the toes. Fungal spores may be transferred from the air or the floor. The fungus feeds on the outer layers of the skin. It causes sore, raw patches which may be infected by other micro-organisms.
To avoid:
· Avoid changing rooms or wear protective foot covers when in a changing room
· Wear cotton and loose-fitting shoes to prevent the feet from becoming moist
· Keep toenails cut short
It can be treated by antifungal drugs. Do not wear the same shoes or socks as the fungal spores may be present in them.
Salmonella
Bacteria causing salmonella produce toxins which affects the gut lining and causes loss of fluid from the gut.
Vaccinations
It contains a weakened or killed pathogen or an attenuated antigen which stimulates lymphocytes to produce memory cells after the primary immune response. When the pathogen re-enters the body, memory cells recognise the antigen and lymphocytes release antibodies which bind to the antigen and clump the cells together. The phagocyte engulfs the pathogen and releases enzymes to digest them. This destroys the pathogen and this process is called phagocytosis.
Anti-biotic Resistant Bacteria
Anti-biotic bacteria can mutate to a resistant form. When anti-biotics are prescribed the non-resistant bacteria are killed by anti-biotics whilst the non-resistant bacteria are at an advantage and survive to reproduce and pass on the resistant gene and this allele frequency of anti-biotic resistance increases over time over several generations. When doctors prescribe less anti-biotics, bacteria with resistance have less of an advantage and will not become as resistant.
Sewage
When untreated sewage enters a river, the bacteria in the sewage breaks down sewage and uses up oxygen by respiration. This causes oxygen levels to go down. At the river progresses there is less sewage hence there is less bacteria respiring and therefore using oxygen. Hence, the oxygen levels are normal further down the river.
Moreover, the minerals in sewage can cause eutrophication. It can give rise to an algal bloom and as a result algae on the surface of the water blocks sunlight so there is less sunlight reaching submerged plants. The submerged plants cannot carry out photosynthesis and die. Bacteria feed on these dead plants and respire and use up oxygen. As the oxygen level falls the water becomes anoxic and fish and other aquatic animals die to a lack of oxygen to carry out respiration.

Sewage Treatment
In the first settling tank, solid such as grits and rocks are removed and the sludge forms. Anaerobic bacteria break down sludge and biogas e.g. methane is produced. The sludge is then used as fertiliser. The aerobic bacteria break down the organic material in effluent into harmless inorganic substances such as nitrogen gas producing activates sludge. This reduces the risk of diseases. Then the water is disinfected by chlorination.

Pit Latrine
Pit latrines can be improved by making the base stable so that there are no cracks in the concrete floor to avoid hookworm transmission and larvae from growing. Moreover, the hole should be made large enough to avoid urine from splashing out on to the walls where flies, bacteria and fungi will thrive.
An endemic disease is always present in the population at low levels.
A sex-linked disease is carried on the X chromosome and is passed onto the offspring. Males cannot be carriers but are more likely to be affected as they can either only have the dominant or recessive allele and cannot be heterozygous for the disease.
A carrier is heterozygous (has dominant and recessive allele) but does not express the condition in the phenotype.
Experiments
1. Investigate the qualitative and quantitative content of vitamin C in food
· Add 2 cm3 of 1% vitamin C solution to a test tube.
· [bookmark: _GoBack]Use a 5cm3 graduated pipette to add DCPIP solution drop by drop to the vitamin C solution until DCPIP is decolourised from blue to colourless
· Note the volume of DCPIP used
· Repeat the experiment with 2cm3 of lemon juice
· Note the volume of DCPIP added to the lemon juice
· 1g of 1% vitamin C solution contains 1g per 100cm3.
· 
· Repeat the experiment several times and average values
· Strong acids like lemon juice do not decolourise DCPIP completely – the end colour is pale pink
· For a solid food, grind the food with distilled water to extract the vitamin
2. Investigate the energy content of food
Measure out a known volume of water and transfer it to a boiling tube. Place a thermometer in the tube and measure the starting temperature. Burn the food under the boiling tube and use the heat released to heat the water. Measure the temperature of the water after the food has finished burning. Calculate the temperature change. Energy content = mass of water x 4.2 x change in temperature
3. Investigate the effect of temperature on enzyme activity
· Place two test tubes in a water bath
· Add iodine solution to dips on a spotting tile
· Use a syringe to add 5cm3 of amylase solution and 5cm3 of starch solution into the two test tubes
· Leave the test tubes for 5 minutes and record the temperature of the water bath
· Pour the amylase solution into the starch suspension and start a timer on a stopwatch
· Use a pipette to remove a small sample of the mixture and add to the first drop of iodine solution in the spotting tile
· Take a sample of mixture every 30 seconds and add to the iodine solution
· Repeat until iodine remains yellow
· Repeat the experiment at different temperatures between 20 and 60 degrees Celsius. 
4. Investigate the effect of pH on enzyme activity

5. Investigate the action of immobilised enzymes including the preparation of alginate beads
· Lactase breaks down lactose to glucose and galactose
· Lactase is immobilised into beads of calcium alginate gel
· Lactase solution is added into sodium alginate solution. The two are mixed using a stirring rod. Remove some of the mixture from the beaker and add drop by drop into 100cm3 of 1.5% calcium chloride.
· Sodium alginate is converted into insoluble calcium alginate beads which contain the enzyme immobilised in the calcium alginate gel
· Beads are left to set for five minute
· Pour the mixture into a sieve to obtain the beads
· Pack the beads into a column or 10cm3 syringe which has its outlet covered by a small piece of nylon gauze
· Fresh milk is poured into the column
· Milk leaving the syringe is tested using glucose test strips
· Control: Test milk before treatment. It will not contain any glucose

6. Investigate the number and position of sensory receptors, such as touch and temperature receptors in the skin
Use a pin or paperclip. Blindfold the student so that they cannot see when the pin touches the skin. One point or two points can be placed on the student’s hand at once randomly, and the student must report whether they feel two or one pin. Repeat the experiment with different students. Use the same paperclip. Calculate the average number of correct answers and then compare this for different places of the hand. 
7. Investigate the range of frequency audible to the human ear
Use a speaker and play sounds from a range of frequencies starting from low to high frequency (pitch). Determine the frequency using an oscilloscope. Count the minimum and maximum frequency that can be heard by the person. Note down when it cannot be heard. Repeat this experiment with several people of same age.
8. Investigate the difference between inspired and expired air for carbon dioxide concentration
Breathe in and out into the mouth piece for a short time (max 1 minute).  The mouth piece must be connected two test tubes containing equal volumes of limewater. Exhaled air turns limewater cloudy faster than inhaled air as there is more CO2 in exhaled air as CO2 is a product of aerobic respiration.
The volume of limewater must be the same to ensure a fair test. If it was a smaller volume, it turns cloudy faster.
Safety precaution: Don’t suck too hard. Sterilise mouth piece.
9. Investigate the effect of exercise on the rate of breathing and measure lung capacity
· A spirometer is used
· Breathe in and out air through the mouthpiece
· Soda lime absorbs CO2
· Lid moves up and down and a pen records breathing movement on rotating drum covered with graph paper
· Drum rotates at speed so that number of breaths per minute can be worked out
Method 2
· Bell jar is graduated with volume
· Bell jar is placed open-end downwards in large bucket or sink of water
· Rubber bung is removed so level of water inside and outside is the same
· Position of bell jar is adjusted so that water level is at 0 mark
· Replace bung
· Person wears a nose-clip and breathes in deeply as possibly and then forcefully blows out as much as air as they can in to the tubing
· New volume on scale is noted
· Breathing tube needs wide diameter as otherwise it will be difficult to blow through and gives an underestimate of lung capacity
· Breathing tube needs to be sterilised and disinfected before each person uses it

10. Investigate the effect of exercise on the pulse rate
Measure the resting pulse of a person. Find the pulse rate by placing two fingers gently on the wrist and counting the number of pulse beats. Calculate the pulse rate by multiplying by 4. Then allow them for a certain time period e.g. 5 minutes. Then take the pulse immediately after exercise. Place two fingers gently on the wrist and count the number of pulse beats for 15 seconds. Then calculate the pulse rate for a minute by multiplying by 4. Ensure that a standardised exercise is used for example running on a treadmill or doing 100 step-ups. Repeat the experiment with people of the same age, gender and similar body mass and fitness. Calculate an average value for the pulse rate before and after and compare.
11. Investigate diffusion using a partially permeable membrane such as Visking tubing
1. Tie the visking tubing at one end
2. Half fill with sucrose solution
3. Tie the other end
4. Measure the mass
5. Place in water for 30 mins
6. Dry the outside of the tubing and measure the mass again
7. The change in mass indicates the direction of osmosis and how quickly it has happened


Safety precautions:
1. Wear goggles
2. Use protective gloves/tongs
3. Tie hair back
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