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Section 9.1 – Sensory Reception

· A stimulus is a detectable change in the internal or external environment of an organism that produces a response.

· The ability to respond to a stimulus increases an organism’s chances of survival.

· Receptors transfer the energy of a stimulus into a form that can be processed by the organism and leads to a response.

· The response is carried out by “effectors” which can include cells, tissues, organs and systems.

Taxis – A simple response that’s direction is determined by the direction of the stimulus

An organism can respond directly to a change in the environment by moving its body either:

1.) Toward the stimulus (positive taxis)

2.) Away from the stimulus (negative taxis)

Kinesis – Results in an increase of random movements

· Organism does not move towards/away from the stimulus

· The more intense the stimulus the more rapid the movements

· Kinesis is important when the stimulus is less directional such as heat or humidity
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General Structure of a Neuron

o Neurons are composed of the following Structures
o Cell Body: contain majority of cell's cytoplasm & organelles.
o Dendrites: Extensions which generally serve in the reception of nerve signals

o Axons: Long fibers used o transmit nervous impulses.

§  Offen surrounded by Schiwann Cells (PNS) or oligodendrocytes (CNS) which coat axons with a Myelin sheath




Tropism – a growth movement of part of a plant in response to a directional stimulus

Positive phototropism – shoots/leaves

Positive Geotropism – roots
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Section 9.2 – Nervous Control

Nervous organisation

The nervous system can be thought of as having two main divisions:

1.) The central nervous system (CNS) – brain and spinal cord

2.) The peripheral nervous system (PNS) – Made up of pairs of nerves that originate either from the brain or the spinal cord

The peripheral nervous system

This is divided into:

· Sensory neurons which carry impulses away from receptors to the CNS

· Motor neurons which carry nervous impulses from the CNS to effectors

The spinal cord is a column of nervous tissue

A reflex – involuntary response to a stimulus (you do stop to consider an alternative)

The pathway of neurons involved in a reflex is called a reflex arc.
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Reflex arcs contain just 3 neurons:

1.) A sensory neuron

2.) An intermediate neuron

3.) A motor neuron

There are several stages of a reflex arc: 
1.) Stimulus

2.) Receptor

3.) Sensory neuron

4.) Synapse
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Coordinator (intermediate neuron)

6.) Synapse

7.) Motor neuron

8.) Effecter 

9.) Response

Importance of the reflex arc

· Involuntary – does not require the decision making power of the brains

· Brain can override the response if necessary

· Protects the body from harmful stimuli

· Effective from birth – does not need to be learnt 

· Short pathway – fewer synapses

Synapses – slow

Neurons – fast

Section 9.3 – Control of heart rate

The Autonomic nervous system

Controls subconscious activities of muscles and glands

Has two main divisions:

The sympathetic nervous system – Speeds up activities and thus allows us to cope with stressful situations (fight or flight response)

The parasympathetic nervous system – Inhibits effects and slows down activities. This allows energy to be conserved. Controls under normal resting conditions

The two divisions are antagonistic meaning that their effects oppose one another

Control of heart rate

Changes of the heart rate are controlled by a region of the brain called the medulla oblongata which has two main divisions

One division is connected to the sinoatrial node through the sympathetic nervous system

The other is connected to the sinoatrial node via the parasympathetic nervous system

Control by chemoreceptors
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Chemoreceptors are found in the wall of the carotid arteries and detect changes in pH as a result of CO2 concentration

When CO2 concentration in the blood is too low, chemoreceptors detect the drop in pH and send impulses to the section of the medulla oblongata responsible for increasing heart rate

This section then increases the number of impulses sent to the S.A node via the sympathetic nervous system

This results in an increase in heart rate which then causes blood pH to return to normal.

Control by pressure receptors

Pressure receptors occur in the wall of the carotid arteries and the aorta

When blood pressure is too high – impulses are sent to the medulla oblongata which then sends impulses to the S.A node via the parasympathetic nervous system decreasing the heart rate

When blood pressure is too low – impulses are sent to the medulla oblongata which then sends impulses to the S.A node via the sympathetic nervous system, increasing the heart rate

Section 9.4 – Role of receptors

Features of sensory reception

A sensory receptor will:

· Only respond to a specific type of stimulus (e.g. light, pressure, etc)

· Produce a generator potential by acting as a transducer. This means that it can convert the information to a form that the human body can interpret. This is achieved by using the energy of a stimulus into a nerve impulse called a generator potential. 

Structure and function of a pacinian corpuscle 

Responds to mechanical pressure

Occurs in ligaments and joints so that it is possible to tell which direction a joint is changing

The neuron of a pacinian corpuscle is in the centre of layers of tissue, each separated by gel

The sensory neuron of a pacinian corpuscle has stretch-mediated sodium channels in its plasma membrane

· [image: image8.png]


During its resting state, stretch-mediated sodium channels are too narrow to allow sodium through. The corpuscle therefore has a resting potential

· When pressure is applied, the membrane of the neuron is stretched causing sodium channels to widen therefore allowing sodium to diffuse into the neuron

· The influx of sodium ions cause a change in the polarity of the neuron, creating a resting potential

· The generator potential creates a action potential which moves along the neuron

Receptors working together in the eye

Different receptors respond to a different intensity of a stimulus

Light receptors of the eye are found in the retina (the inner most layer)

The light receptors in the eye can are of two types, rod and cone cells. Both receptors convert light energy into a nervous impulse and are therefore acting as transducers

Rod cells

Cannot distinguish between different wavelengths

Many rod cells are connected to the same neuron and so can function at low light intensities.

A threshold must be reached in the bipolar cells to which they are attached to and so since they can all contribute to reaching this threshold, they will function at lower light intensities

Rod cells breakdown the pigment rhodopsin to generate an action potential.

Rhodopsin is easily broken down in low light intensity 

Since more that one rod cell is connected to the same neuron, only one impulse will be generated. It is impossible for the brain to determine which rod cells were stimulate to begin with and so it is not possible to determine exactly the source of light

This results in rod cells having a relatively poor visual acuity and so are not very effective in distinguishing between two points close together

Cone cells

There are three types of cone cells, each of which respond to a different wavelength

The colour interpreted depends of the proportion of each type of cone cell stimulated

Cone cells are connected only to one bipolar cells, this means that they cannot combine to reach a threshold. As a result of this a high light intensity is required to create a generator potential

Cone cells breakdown the pigment iodopsin to create a generator potential

Iodopsin can only be broken down by a high light intensity
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In the mouse, light movement of hair triggers a generator potential in mechanically-gated sodium channels in  neuron located next to the hair folicle. This potential opens voltage-gated sodium channels and if it reaches threshold, triggers an action potential in the neuron

Touch receptors are not distributed evenly over the body. The fingertips and tongue may have as many as 100 per cm? the back of the hand fewer than 10 per cm?  This can be demonstrated with the two-point threshold test. With a pair of dividers like those used in mechanical

drawing, determine (in a blindfolded subject) the minimum separation of the points that produces two separate touch sensations. The ability to discriminate the two points is far better on the fingertips than on, say, the small of the back.
The density of touch receptors is also reflected in the amount of somatosensory cortex in the brain assigned to that region of the body.

Proprioception
® Proprioception is our "body sense”
® It enables us to unconsciously moritor the position of our body.
® It depends on receptors in the muscles, tendons, and joints

® If you have ever tried to walk after one of your legs has "gone to sleep”. you will have some appreciation of how difficult coordinated muscular activity would be without proprioception

The Pacinian Corpuscle Pacinian Corpuscle

Pacinian corpuscles are pressure receptors. They are located in the skin and also in various intemal organs. Each is connected to a sensory neuron.  Pacinian corpuscles are fast-conducting, bulb-shaped receptors
located deep i the dermis. They consist of the ending of a single neurone surrounded by lamellae. They are the largest of the skin's receptors and are believed to provide instant information about how and where we move

They are also sensitive to vibration. Pacinian corpuscles are also located in joints and tendons and in tissue that lines organs and blood vessels

Pressure on the skin changed the shape of the Pacinian corpuscle. This changes the shape of the pressure sensitive sodium channels in the membrane, making them open. Sodium ions difiuse in through the channels ; £
leading to depolarisation called a generator potential. The greater the pressure the more sodium channels open and the larger the generator potential. If a threshold value is reached, an action potential occurs and nerve

impulses travel along the sensory neurone. The frequency of the impulse is related to the intensity of the stimulus

Adaptation
When pressure s first applied to the corpuscle, it initiates a volley of impulses in its sensory neuron. However, with continuous pressure, the frequency of action potentials decreases quickly and soon stops. This is the

Capsuie—
phenomenon of adaptation
Adaptation occurs in most sense receptors. It is useful because it prevents the nervous system from being bombarded with information about insignificant matters like the touch and pressure of our clothing.

Stimuli represent changes in the environment. If there is no change, the sense receptors soon adapt. But note that if we quickly remove the pressure from an adapted Pacinian corpuscle, a fresh volley of impulses will be

generated

The speed of adaptation varies among diflerent kinds of receptors. Receptors invlved in proprioception - such as spindle fibres - adapt slowly if at all




Since cone cells are connected to a single bipolar cell, when two adjacent cells are stimulated, two separate nervous impulses will be sent to the brain. 

This means that it is easier to determine the source of the light. As a result, cone cells are responsible for higher visual acuity since they allow you to better distinguish between two points

Light is concentrated by a lens to the centre of the eye called the fovea. This region receives a high light intensity and therefore has more cone cells. The peripheries of the eye receive a low light intensity and therefore consist mainly of rod cells.

Section 10.1 – Coordination 

Body systems cannot work in isolation and must therefore be integrated in a coordinated fashion.

Principles of coordination

In mammals, there are two main forms of coordination:

1.) The nervous system – Uses nerve cells that can pass electrical impulses along their length. The result is the secretion of chemicals by the target cells called neurotransmitters. The response is quick, yet short lived and only acts on a localised region of the body.

2.) The hormonal system – Chemicals are transported in the blood plasma which then reach target certain cells, thus stimulating them to carry out a function. The responses due to secretion of hormones often act over a longer period of time, yet are slower to act. 

Chemical mediators 

Nervous and hormonal forms of communication are only useful at coordinating the activities of the whole organism. At the cellular level they are complimented by chemical mediators.
Chemical mediators are secreted by individual cells and affect other cells in the immediate vicinity. 

A common example of this type of coordination is the inflammation of certain tissues when they are damaged or exposed to foreign agents. 

Two examples of chemical mediators are:

1.) Histamine – Stored in white blood cells and is secreted due to the presence of antigens. Histamine causes dilation of blood vessels, increased permeability of capillaries and therefore swelling the infected area.

2.) Prostaglandins – Found in cell membranes and cause dilation of small arteries and arterioles. They release due to injuries and increase the permeability of capillaries. They also affect blood pressure and neurotransmitters. In doing so they relieve pain. 

	Hormonal system
	Nervous system 

	Communication by chemicals 
	Communication by nervous impulses

	Transmission takes place in the blood
	Transmission is by neurons

	Transmission is generally slow
	Transmission is very rapid

	Hormones travel to all areas of the body, but target only certain tissues/organs
	Nerve impulses travel to specific areas of the body

	Response is widespread
	Response is localised

	Effect may be permanent/long lasting/ irreversible 
	Effect is temporary and reversible


Plant growth factors

Plants respond to external stimuli by means of plant growth factors (plant hormones)

Plant growth factors:

· Exert their influence by affecting growth

· Are not produced by a particular organ, but are instead produced by all cells

· affect the tissues that actually produce them, rather than other tissues in a different area of the plant.

One plant hormone called indoleacetic acid (IAA) causes plant cells to elongate

Control of tropisms by IAA

IAA is used to ensure that plant shoots grow towards a light source. 

1.) Cells in the tip of the shoot produce IAA, which is then transported down the shoot.

2.) The IAA is initial transported to all sides as it begins to move down the shoot

3.) Light causes the movement of IAA from the light side to the shaded side of the shoot.

4.) A greater concentration of IAA builds up on the shaded side of the shoot

5.) The cells on the shaded side elongate more due to the higher concentration of IAA

6.) The shaded side of the root therefore grows faster, causing the shoot to bend towards the source of light

IAA can also effect the bending of roots towards gravity. However in this case it slows down growth rather than speeds it up. 

IAA decreases root growth and increases shoot growth

Section 10.2 – Neurons

Specialised cells adapted to rapidly carry electrochemical changes (nerve impulses) from part of the body to another

Neuron structure
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Cell body

· Nucleus

· Large amounts of rough endoplasmic reticulum to produce neurotransmitters

Dendrons

· Extensions of the cell body sub-divided into dendrites 

· Carry nervous impulses to the cell body

Axon

· A single long fibre that carries nerve impulses away from the cell body

Schwann cell

· Surrounds the axon

· Protection/electrical insulation/phagocytosis. Can remove cell debris and are associated with nerve regeneration. 

Myelin sheath 

· Made up from the Schwann membrane which produces myelin (a lipid)

· Some neurons are unmyelinated and carry slower nerve impulses

Nodes of Ranvier 

· The gaps between myelinated areas

· 2 – 3 micrometers long and occur every 1 – 3mm 

Sensory Neuron

· Transmit impulses from a receptor to an intermediate neuron or motor neuron

· One Dendron towards the cell body, one axon away from the cell body
Motor neuron

· Transmit impulses from the sensory/intermediate neuron to an effector

· Long axon, many short dendrites

Intermediate neuron

· Transmit impulses between neurons

· Numerous short processes

Section 10.3 – The nerve impulse 

A nerve impulse is not an electrical current! It is a self-propagating wave of electrical disturbance that travels along the surface of an axon membrane.

Nerve impulse – temporary reversal of the electrical p.d across an axon membrane

The reversal is between two states

The resting potential -  no nerve impulse transmitted

The action potential – nerve impulse transmitted

Resting potential 

· Sodium/potassium are not lipid soluble and cannot cross the plasma membrane

· Transported via intrinsic proteins – ion channels

· Some intrinsic proteins actively transport potassium ions into the axon and sodium ions out. This is called the sodium potassium pump.

Sodium potassium pump

· 3 sodium ions pumped out for every 2 potassium ions pump in

· Most gated potassium channels remain open – potassium ions move out of the axon down their chemical gradient

· Most gated sodium channels remain closed

The action potential 

· Temporary reversal of the charge of the membrane from (-65mV to +65mV). When the p.d is +65mV the axon is said to be depolarised

· Occurs because the ion channels open/close depending upon the voltage across the membrane

· When the generator potential is reached, sodium ion channels open and potassium close, allowing sodium to flood into the axon. Sodium being positively charged causes the axon to become more positive in charge

The passage of an action potential along an unmyelinated axon

· Stimulus – some voltage – gated ion channels open, sodium ions move in down electrochemical gradient

· Causes more sodium channels to open

· When the action potential reaches ~ +40mV sodium channels close

· Voltage – gated potassium channels open and begin repolarisation of the axon

Hyper – polarisation

· The inside of the axon becomes more negative than usual due to an “overshoot” in potassium ions moving out of the axon.

· Potassium channels close

· Sodium potassium pump re-established the -65mV resting potential 

Section 10.5 – The speed of a nerve impulse

Factors affecting speed

1. The myelin sheath – Prevents the action potential forming in myelinated areas of the axon. The action potential jumps from one node of Ranvier to another (salutatory conduction) – this increases the speed of the impulse as less action potentials need to occur

2. The greater the diameter of the axon the greater the speed of conductance – due to less leakage of ions from the axon

3. Temperature – Higher temperature, faster nerve impulse. Energy for active transport comes from respiration. Respiration like the sodium potassium pump is controlled by enzymes. 
Refractory period 

After an action potential, sodium voltage-gated channels are closed and sodium cannot move into the axon. It is therefore impossible during this time for a further action potential to be generated.

This time period, called the refractory period serves two purposes:

It ensures that an action potential can only be propagated in one direction – An action potential can only move from an active region to a resting region. 

It produces discrete impulses – A new action potential cannot be generated directly after the first. It ensures action potentials are separated from one another. 
It limits the number of action potentials – action potentials are separated from one another, therefore there is a limited amount that can pass along a neuron in a given time. 

All or nothing principle 

Nervous impulses are all or nothing responses

A stimulus must exceed a certain threshold value to trigger an action potential

A stimulus that exceeds the threshold value by a significant amount, will produce the same strength of action potential as if it has only just overcome the threshold value

A stimulus can therefore only produce one action potential 

An organism can perceive different types of stimulus in two ways:

The number of impulses in a given time (larger stimulus, more impulses per second)

Having neurons with different threshold values – depending on which neurons are sending impulses, and how frequently impulses are sent, the brain can interpret the strength of the stimulus 
Section 10.6/10.7 – Structure and function of the synapse / Transmission across a synapse

A synapse occurs where a dendrite of one neuron connects to the axon of another

Structure of a synapse

[image: image11.png]GAATTC




Synapses use neurotransmitters to send impulses between neurons

The gap between two neurons is called the synaptic cleft

The neuron that produces neurotransmitters is called the presynaptic neuron

The axon of the presynaptic neuron ends in a presynaptic knob

The presynaptic knob consists of many mitochondria and endoplasmic reticulum

These organelles are required to produce neurotransmitters which are stored in synaptic vesicles

Synaptic vesicles can fuse with the presynaptic membrane releases the neurotransmitter

Functions of synapses

· A single impulse from neuron can be transmitted to several other neurons at a synapse. This means that one impulse can create a number of simultaneous responses

· A number of different impulses can be combined at a synapse. This means that several responses can be combined to give on single response

Neurotransmitters are made in the presynaptic cleft only

When an action potential reaches the presynaptic knob, it causes vesicles containing the neurotransmitter to fuse with the presynaptic membrane

The neurotransmitter will the diffuse across the synaptic cleft

The neurotransmitter then bind with receptors on the postsynaptic membrane, in doing so generating a new action potential in the postsynaptic neuron

Features of synapses

Unidirectionality

Impulses can only be sent from the presynaptic membrane to the postsynaptic membrane 
Summation

· Spatial summation - Different presynaptic neurons together will release enough neurotransmitter to exceed the threshold value to form an action potential

· Temporal summation – One neuron releasing neurotransmitter many times over a short period. Eventually the neurotransmitter will accumulate so as to overcome the threshold value of the postsynaptic membrane. Therefore generating a new action potential

Inhibition 

Some postsynaptic membranes have protein channels that can allow chloride ions to diffuse into the axon making it more negative than usual at resting potential.

This type of hyperpolarisation inhibits the postsynaptic neuron from generating a new action potential. 

The importance of these inhibitory synapses is that it allows for nervous impulses to be controlled and stopped if necessary 

Transmission across a synapse

When the neurotransmitter across a synapse is the chemical acetylcholine it is called a cholinergic synapse

Acetylcholine is made up of acetyl (ethanoic acid) and choline

Cholinergic synapses are more common in vertebrates 

Cholinergic synapses occur in the central nervous system and at neuromuscular junctions

1. When an action potential reaches the presynaptic knob, calcium channels open allow calcium to diffuse into the presynaptic knob

2. The influx of calcium ions causes presynaptic vesciles containing acetylcholine to fuse with the presynaptic membrane, releasing the neurotransmitter into the synaptic cleft

3. Acetylcholine diffuses across the cleft and fuses with receptor sites on sodium channels found on the presynaptic membrane. When they do so, the sodium channels open, allowing sodium ions to diffuse along their concentration gradient into the postsynaptic knob.

4. The influx of sodium ions, generates a new action potential in the postsynaptic neuron

5. Acetylcholinesterase hydrolyses acetylcholine back into the acetyl and choline which will the diffuse back across the synaptic cleft into the presynaptic neuron. In this way acetylcholine can be recycles and reused and also is prevented from continuously generating new action potentials on the postsynaptic neuron.

6. ATP is released by mitochondria, providing energy to recombine acetyl and choline. Sodium channels on the postsynaptic membrane are now closed due to the absence of acetylcholine attached to receptor sites. 
Section 11.1 – Structure of skeletal muscle 

There are three types of muscle in the body:

Cardiac muscle which is found only in the heart

Smooth muscle which is found in the walls of blood vessels

Skeletal muscle which is attached to bone and is the only type of muscle under conscious control

Muscles are made up of many muscle fibres called myofibrils

If the cells of muscles were joined together from the end of one cell to another, the point between cells would be a point of weakness

Because of this, the muscle cells are fused together into muscle fibres

Cells of the same myofibrils share the same nuclei as well as cytoplasm (sarcosplasm).

Within the sacroplasm are many mitochondria as well as endoplasmic reticulum

Microscopic structure of skeletal muscle

Myofibrils are made up of two types of protein filament

Actin – thinner, consists of two strands twisted around each other

Myosin – thicker and is made up of long rod shaped fibres with bulbous heads projecting outwards

Myofibrils have coloured bands

The isotropic (I) bands appears lighter since it consists only of actin (no overlap)

The anisotropic (A) bands are darker since this is where acting and myosin overlap

The H zone is the region in the centre of the sarcomere that is lighter in colour since there is only myosin

The z line lies at the centre of the I bands
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Types of muscle fibre

Slow-twitch fibres – Contract more slowly, less powerful. Adapted for endurance/aerobic respiration so less lactic acid forms

Adaptations include:

Large store of myoglobin, Supply of glycogen, Rich supply of blood vessels, Numerous mitochondria
Fast-twitch – Contracts more rapidly with more power but only for a short period of time. Adapted for intense exercise by:

Having thicker and more numerous myosin filaments, having a high concentration of enzymes used for anaerobic respiration, a large store of phosphocreatine to provide phosphate to make ATP

Neuromuscular junctions

Many neuromuscular junctions are spread through the muscle for simultaneous contraction

Each muscle fibre has one motor neuron associated with it. The muscle fibre and the neuron make up one motor unit
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When only a small force is needed only a few motor units are stimulated

When a nerve impulse reaches the neuromuscular junction, the synaptic vesicles join with the presynaptic membrane and release acetylcholine which diffuses across to the postsynaptic membrane and stimulates it to allow sodium ions to enter. The acetylcholine is then broken down by Acetylcholinesterase and then diffuses back into the presynaptic neuron. 
Section 11.2 - contraction of skeletal muscle 
During muscle contract, actin and myosin slide past each other; hence its name "the sliding filament mechanism

Evidence for the sliding filament mechanism

When a muscle contract, the following changes occur to the sarcomere:

The I band becomes narrower

The z lines move close to one another

The h band becomes narrower

The a band does not change as this band is determined by the width of the myosin

Myosin is made up of two different types of protein

1. A fibrous protein arranged into the filament called the tail

2. A globular protein that forms a head at each end

Actin is a globular proteins that's molecules are arranged into two chains that twist around each other in a helical manner

Tropomyosin forms long thin stands that s wound around the actin molecule

The process of muscle contraction has a three main stages:

Stimulation, contraction and relaxation

Muscle stimulation
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When an action potential reaches the neuromuscular junctions, Calcium ion channels open and calcium ions move into the synaptic knob

The Calcium ions cause the synaptic vesicles to move to the presynaptic membrane and fuse with it releasing acetylcholine

Acetylcholine diffuses across the synaptic cleft and binds with receptors on the sodium voltage gated channels on the postsynaptic membrane causing it to depolarise

Muscle contraction

The action potential movies through the fibres by travelling through T – tubules that branch through the sarcoplasm

The action potential moves through the tubules until it reach the sarcoplasmic reticulum 

The action potential opens calcium ions in the sarcoplasmic reticulum

Calcium ions diffuse out into the muscle

Calcium ions cause tropomyosin to change shape and so that the binding sites on the actin filament are exposed

An ADP molecule that is attached to the myosin heads allows it to form a cross bridge with actin by binding with the receptor site

Once the cross bridge is formed, the myosin head changes shape and slides the actin across. In doing so it loses the ADP

An ATP molecule attaches to the myosin head and thus causes it to detach

Calcium ions activate the enzyme ATPase which hydrolyses ATP and releases energy that allows the myosin head to resume its original shape.

The myosin head now has a new ADP molecule that will allow it to bind with a new receptor site somewhere along the actin filament

Muscle relaxation

When the muscle is not being stimulated, the sarcoplasmic reticulum actively transport calcium ions back into it
The lack of calcium ions means that tropomyosin can establish its original position, covering the myosin head binding sites

Energy supply

Energy is needed for the movement of myosin heads and the active transport of calcium ions

ATP often needs to be generated anaerobically

Phosphocreatine provides inorganic phosphate molecules to combine with ADP to form ATP

Section 12.1 – Principle of homeostasis

The maintenance of a constant internal environment

By maintaining a relatively constant environment (of the tissue fluid) for their cells, organisms can limit the external changed these cells experience thereby giving the organisms a degree of independence.

What is homeostasis?

Maintaining the volume, chemical make up and other factors of blood and tissue fluid within restricted limits

There are continuous fluctuations; however, they occur around a set point

Homeostasis is the ability to return to that set point thus maintaining equilibrium

The importance of homeostasis

Enzymes and other proteins are sensitive to changes in pH and temperature

Water potential of blood and tissue fluid should be kept constant to ensure cells do not burst or shrink due to a net movement of water (osmosis)

Maintaining a constant blood glucose concentration ensures that the water potential of the blood remains the same

Independence of the external environment – a wider geographical range and therefore a greater chance of finding food shelter, etc

Mammals – homeostasis allows them to tolerate a wide range of conditions

Control mechanisms

The set point is monitored by:

1.) Receptor

2.) Controller - brain analyses and records information from a number of different sources and decides on the best course of action

3.) Effector – brings about the change to return to set point

4.) Feedback loop – informing the receptor of the changes in the system brought about by the effector  
Section 12.2 - Thermoregulation 

Mechanisms of heat loss and gain

Production of heat – Metabolism of food during respiration

Gain of heat from the environment – Conduction, convection (surrounding air/fluid), Radiation (electromagnetic waves particularly infrared)

Mechanisms for losing heat 

Evaporation of water

Conduction – to ground/solid

Convection - convection (to surrounding air/fluid),

Radiation

Endotherms - derive most heat energy from metabolic activities 

Ectotherms – obtain most heat from the external environment

Regulation of body temperature in Ectotherms

Body temp fluctuates with the environment

Controlled by exposure to the sun

Shelter to the sun/burrows at night/obtains heat from the ground and very little from respiration. 

Can sometimes change colour to alter heat that is radiated

Regulation of body temperature in Endotherms

Most heat gained through internal metabolic activities 
Temperature range - 
35 – 44 oC – Compromise between higher temperature where enzymes work more rapidly and the amount of energy needed (hence food) to maintain that temperature

Conserving and gaining heat in response to a cold environment

Long term adaptations:

Small SA:V ration 

Therefore mammals and birds in cold environments are relatively large

Smaller extremities (e.g. ears) thick fur, feathers or fat reserves to insulate the body

Rapid changes:

Vasoconstriction – reducing the diameter of arteries/arterioles

Shivering – in voluntary rapid movements and contractions that produce he energy from respiration

Raising hair – enables a thick layer of still air to build up which acts as a good insulator.

Behavioural mechanisms – bathing in the sun

Decreased sweating
Loss of heat in response to a warm environment

Long term adaptations:

Large SA:V ratio so smaller animals are found in warmer climates

Larger extremities

Light coloured fur to reflect heat

Vasodilation – Arterioles increase in diameter, more blood reaches capillaries, more heat is therefore radiated away

Increased sweating – Heat energy is required to evaporate sweat (water). Energy for this comes from the body. Therefore, removes heat energy to evaporate water

Lower body hair – Hair erector muscles relax. Hairs flatten, reduces the insulating layer of air, so more heat can be lost to the environment 

Behavioural mechanisms – seeking shade, burrows, etc

Control of body temperature
Mechanisms to control body temperature are coordinated by the hypothalamus in the brain

The hypothalamus has a thermoregulatory centre divided into two parts:
A heat gain centre which is activated by a fall in body temperature

And a heat loss centre which is activated by an increase in temperature

The hypothalamus measures the temperature of blood passing through it

Thermoreceptors in the skin also measure the temperature

Impulses sent to the hypothalamus are sent via the autonomic nervous system

The core temperature in the blood is more important that the temperature stimulating skin Thermoreceptors

Section 12.3/12/4 – Hormones and the regulations of blood glucose/Diabetes and its control
Hormones are produced by glands (endocrine glands) which secrete the hormones into the blood
The hormones are carried in the blood plasma to the target cells to which they act. The target cells have complementary receptors on the cell surface membrane 

Hormones are affective in small quantities set have widespread and long-lasting affects

Some hormones work via the secondary messenger model:

1.) The hormone (the first messenger) binds to receptors on the cell surface membrane, forming a hormone-receptor complex

2.) The hormone-receptor complex activates an enzyme inside the cell that produces a secondary messenger chemical

3.) The secondary messenger acts within the cell produces and a series of changes

Both glucagon and adrenaline work by the secondary messenger model

Adrenaline as a secondary messenger

1.) The hormone adrenaline forms a hormone-receptor complex and therefore activates an enzyme inside the cell membrane

2.) The activated enzyme the converts ATP to cyclic AMP which acts as the secondary messenger

3.) Cyclic AMP then activates several other enzymes that can convert glycogen to glucose

The group of hormone producing cells in the pancreas are known as the islets of langerhans

Alpha cells a larger and produce glucagon
Beta cells and smaller and produce insulin
Blood glucose and variations in its level
Blood glucose comes from three main sources:

Directly from the diet – resulting from the breakdown of carbohydrate

From the breakdown of glycogen (Glycogenolysis) – Glycogen is stored in the liver and in muscle cells

From gluconeogenises – production of new glucose from sources other than carbohydrate and glycogen. E.g. protein/amino acids and glycerol

Insulin and beta cells in the pancreas

Beta cells in the pancreas can detect an increase in glucose concentration in the blood and therefore release insulin

When bound to receptors on the plasma membrane of cells, insulin brings about:

· A change in the tertiary structure of the glucose transport protein channels, causing them to change shape so as to allow more glucose into the cell

· Increasing the number of carrier molecules in the cell surface membrane

· Activating enzymes involved in converting glucose to fat/glycogen
By changing the shape of glucose transport proteins and causing an increase in the amount of glucose entering cells, the rate of respiration increases
Glucagon and alpha cells

When alpha cells detect a fall in blood glucose concentration that release glucagon

Alpha cells increase blood glucose concentration by:

· Activating an enzyme that converts glycogen to glucose

· And by increasing the conversion of amino acids/glycerol to glucose
Adrenaline can inactivate enzymes that convert glucose to glycogen
Types of diabetes

Type 1 (insulin dependent) – Often due to an autoimmune response where the body attacks beta cells. The result is that the sufferer cannot produce insulin

Type 2 (insulin independent) – Glycoprotein receptors on cells lose their responsiveness to insulin. 

Control of diabetes

Type 1 – Controlled by insulin injections. Insulin cannot be taken orally since stomach enzymes will break down insulin. The dose of insulin must match the amount of glucose in the blood to avoid hypoglycaemia leading to unconsciousness 

Type 2 – Controlled by regular intake of carbohydrate and matching this to exercise. Some drugs can be used to stimulate insulin production or too slow down the rate of glucose absorption in the intestine

Symptoms of diabetes

· High blood glucose level

· Presence of glucose in the urine

· Increased thirst/hunger

· Excessive urination

· Tiredness

· Weight loss

· Blurred vision

Section 13.1 – The principles of feedback mechanisms 

Set point – desired level at which the system operates

A receptor – Detect deviation from the set point

A controller – coordinates information from different sources

An effect – carries out corrective measures to return to set point

Feedback loop – Informs the receptor of changes brought about by the effector

Negative feedback

Occurs when feedback results in the corrective measures being turned off

Having separate negative feedback mechanisms that control departures from the norm in either direction give a greater degree of homeostatic control

Positive feedback 

Occurs when feedback causes corrective measures to remain turned on

An Example would be when a stimulus causes sodium ions to enter the axon. When more sodium ions enter, the potential across the membrane increases and causes other sodium-gated channels to open thus causing an even greater amount of sodium ions to move into the axon

Section 13.2 – The oestrous cycle

The pituitary gland is found and the base of the brain and releases two hormones:
1.) Follicle Stimulating hormone (FSH) – Stimulates follicles to grow and mature and so start producing oestrogen

2.) Luteinising hormone (LH) – causes ovulation and stimulates the ovary to produce progesterone from the corpus leuteum

The ovaries produce two other hormones

1.) Oestrogen – produced from growing follicle and causes the rebuilding of the uterus lining. Stimulates the production of LH

2.) Progesterone – Maintains the lining of the uterus and inhibits the production of FSH

The menstrual cycle

· Days 1 – 5 – Uterus lining is shed. 

· Day 1 – Pituitary gland produces FSH which travels in the blood and stimulates follicles to grow/mature

· The follicles secrete oestrogen which causes the rebuilding of the uterus lining and inhibits the production of FSH and LH from the pituitary gland
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As the follicle grows it produces increasing amounts of oestrogen, reaching a critical point (~day 10) where it begins to stimulate the production of FSH and LH (positive feedback)

· There is a surge in FSH and LH production

· More LH produced causes ovulation and so the matured follicle releases its egg (Day 14)

· Once ovulation has occurred, LH stimulates the empty follicle to develop into a corpus luteum which secretes progesterone (and small amount of oestrogen)
· The progesterone maintains the lining of the uterus and inhibits the production of FSH and LH

· If the egg is not fertilised the corpus luteum will degenerate and no longer produce progesterone and so the uterus lining breaks down

· Since there is less progesterone produced, FSH is no longer inhibited and so the cycle resumes

Section 14.1 – Structure of ribonucleic acid

The genetic code

Sections of DNA are transcribed onto a single stranded molecule called RNA

There are two types of RNA

One type copies the genetic code and transfers it to the cytoplasm from the nucleus where it acts has a messenger. Hence it is called messenger RNA or mRNA

mRNA is small enough to exit through the nuclear pores

The genetic code is the sequence of bases on the mRNA

The main features of the genetic code are:

· Each amino acid is coded for by a sequence of 3 bases on the mRNA strand

· A few amino acids have only one codon

· The code is degenerate and therefore some amino acids can be coded for by different codons

· There are three codons called “stop codons” that do not code for an amino acid.

· Stop codons mark the end of the polypeptide chain 

· There is no overlapping

· It is a universal code that works for all organisms

Ribonucleic acid structure

Ribonucleic acid is a single strand in which each nucleotide is made up of:

The pentose sugar called ribose (pentose = 5 carbon)

An organic base - adenine, guanine, cytosine, and uracil (instead of thymine)

A phosphate group

Messenger RNA (mRNA)

mRNA is a long strand that is arranged into a single helix

Is a mirror image of the copied DNA strand

mRNA leaves the nucleus through the nuclear pores and associates with the ribosomes

Acts as a template onto which proteins are built
Can be easily broken down

Transfer RNA (tRNA)

Single stranded chain folded into a clover shape
There is a part of the molecule that extends out and allows for amino acids to attach

At the opposite end of the molecule is an “anticodon”

The anticodon will pair with the 3 bases on the mRNA molecule

There are different types of tRNA each with a different “anticodon”
Section 14.2 – Polypeptide synthesis – transcription and splicing 

The basic process for polypeptide synthesis is as follows:

1. DNA provides the blueprint in the form of a sequence of nucleotides
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A complementary section of DNA is made from pre – mRNA (transcription)

3. Pre – mRNA is “spliced” to form mRNA

4. The mRNA is used a template for the attachment of complementary tRNA molecules carrying amino acids which are then linked together – a process called translation
Transcription

The process of making pre – mRNA from DNA as a template

The process is as follows:

1. DNA helicase breaks the hydrogen bond in a specific region of the DNA molecule thus exposing the unpaired bases

2. The enzyme RNA polymerase moves along a template DNA strand and causes nucleotides in the DNA strand to bond with pre-existing free nucleotides in the nucleus

3. As RNA polymerase moves along the molecule causing complementary bases to join up with one another, the DNA molecule recombines behind it

4. Eventually DNA polymerase reaches a stop codon on the DNA molecule and detaches and completes the production of pre – mRNA

Splicing of pre – mRNA
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Exons code for proteins, introns do not

Introns would interfere with DNA synthesis and so are removed from pre – mRNA forming mRNA

Splicing – removal of interfering introns and combining of exons 

Exon sections that have introns removed from them can be recombined in a number of different ways

This means that one section of DNA (a gene) can code for a variety of different proteins

Mutations can affect the splicing of pre – mRNA

Section 14.3 – Polypeptide synthesis – translation 

Each amino acid has a corresponding tRNA molecule with its own anticodon bases

Synthesising the polypeptide

The process of polypeptide formation is as follows:

1. A ribosome becomes attached to the starting codon at one end of the mRNA molecule

2. The tRNA molecule with the complementary anticodon sequence binds with the mRNA with the correct code whilst having an amino acid attached to it

3. Another tRNA molecule with its anticodon binds on to the next codon on the mRNA stand whilst carrying another amino acid

4. The ribosome moves along the mRNA, bringing together two tRNA molecules at any one time

5. Enzymes along with ATP join together the amino acids on adjacent tRNA molecules

6. The ribosome moves along to the third codon and links the amino acids on the second and third tRNA together
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As this happens the first tRNA is released from the amino acid and is now free to collect a new amino acid

8. The process continues as the polypeptide chain is built up

9. The synthesis continues until a ribosome reaches a stop codon. At this point the ribosome, mRNA and the tRNA all separate leaving behind the polypeptide

Assembling a protein

A protein may consist of one or many different polypeptide chains

What happens to the polypeptide next depends upon the protein being made, but usually involves the following:

The polypeptide is coiled of folded, producing a secondary structure

The secondary structure may be further folded producing a tertiary structure 

Different polypeptide chains, along with any non-protein groups and linked to form a quaternary structure

Section 14.4 – Gene mutation 

Mutations that occur in gametes can be inherited

Substitution of bases

When one nucleotide is replaced by another it is called a substitution mutation

A change to a single base could result in the following:

A nonsense mutation – Occurs when the base substitution results in a stop codon being transcribed on to mRNA
When this occurs when the polypeptide chain is stopped prematurely and will often not function

A mis-sense mutation – Occurs when the base substitution results in a different amino acid being coded for
Since there is a different amino acid in the polypeptide, it may not function correctly as the intermolecular bonds that give the unique shape of the tertiary structure may be changed and hence the whole shape of the protein will be different

A Silent mutation – Occurs when the substitution does not result in a different amino acid being coded for

The polypeptide will therefore contain the same sequence of amino acids and so will still function correctly

Deletion of bases

Occurs when a nucleotide is lost

The polypeptide chain is often completely different due to the fact that there is a frame shift

The reason there is a frame shift is because the nucleotides are read in threes and so when a base is removed, the bases are read in different units of three

A deletion base at the end of a polypeptide is more likely to have less effect than if it was at the start

Causes of mutation
Can arise spontaneously in DNA replication

The rate of gene mutation can be influenced by mutagenic agents

High energy radiation can disrupt the DNA molecule

Chemicals can interfere with transcription or the DNA structure

Mutation can increase species diversity

Genetic control of cell division

The rate of cell division is controlled by two genes

Proto-oncogenes

Stimulate cell division

Growth factors attach to a protein on the cell surface membrane

Relay proteins in the cytoplasm then “switch on” the genes necessary for DNA replication

Mutations can turn proto-oncogenes into oncogens. 

Oncogenes:

Can cause the receptor protein in the cell surface membrane to permanently activated and cell division occurs without growth factors
The oncogene may code for excessive amount of  growth factor

Tumor suppressor genes

Inhibit cell division
Mutations can make tumour suppressor genes inactivated so cell division is not inhibited

The mutated cells are normally structurally different from normal cells. 

The cells that do not die can clone themselves and form a tumour

Section 15.1 – Totipotency and cells specialisation 
Some genes are permanently expressed in some cells whereas in other they are “switched off”
Cells that can differentiate into any cell in the body are called totipotent cells 

Genes in specialised cells become “switch off” since it would be wasteful to synthesis unnecessary proteins

The ways in which genes are prevented from expressing themselves are:

· Preventing transcription and hence the production of mRNA and polypeptides

· Breaking down mRNA before translation

Only a few totipotent cells exist in mature animals. These are called adult stem cells

Adult stem cells may be found in the inner lining of the intestine, bone marrow and in the skin. 

Under certain conditions they can specialise and develop into certain cells

There are also embryonic stem cells that occur in the earliest stage of the development of an embryo
Mature plants have many totipotent cells

Growing cells outside of an organism is called in vitro development

Section 15.2 – Regulation of transcription and translation 

General principles of preventing gene expression

For transcription to start, the gene needs to be stimulated by a specific molecule (called a transcriptional factor) that moves from the cytoplasm into the nucleus

Each type of transcription factor has a site capable of binding to a specific region of DNA

When it binds, transcription can begin and so mRNA forms and thus a polypeptide is synthesised

An inhibitor molecule can bind to a transcription factor where it would bind to DNA. It therefore blocks the site at which it binds to DNA and so transcription cannot occur

Oestrogen works as follows

Oestrogen is lipid soluble and can pass through the phospholipid bi-layer of the plasma membrane into the cyctoplasm

Once inside the cytoplasm it binds to a complementary receptor site on the transcriptional factor molecule
When it does so the transcriptional factor changes shape and thus releases the inhibitor molecule from the DNA binding site
The transcriptional factor can now enter the nucleus and bind to a specific region of DNA where it will stimulation trasancription

The effect of siRNA on gene expression

This process involves breaking down mRNA before translation

siRNA is a double stranded RNA molecule called small interfering RNA

The process by which it operates is as follows:

An enzyme cuts the large double stranded RNA molecule into two smaller sections called siRNA

One of the two strands of siRNA now combines with an enzyme

Since the siRNA molecule has complementary bases to a region of mRNA, it can “guide” the enzyme to the complementary section of mRNA

Once the enzyme is in the correct position it cuts the mRNA into smaller sections that can no longer be translated

The uses of siRNA

Used to indentify genes in a biological pathway

By adding siRNA that can block a particular gene, the affects of the gene can be deduced as a certain function will no longer take place

siRNA may also be used to block genes that are causing diseases
Section 16.1 – Producing DNA fragments 

Recombinant DNA – combined DNA of two different organisms

The process of using DNA technology to make certain proteins is as follows:

1.) Isolation of the DNA fragments that have the gene for the desired protein

2.) Insertion of the DNA fragment into a vector

3.) Transformation of DNA to a suitable host

4.) Identify the host cells that have taken up the gene

5.) Growth/cloning of the population of host cells 

Using reverse transcriptase

Reverse transcriptase catalyses the process of producing DNA from RNA

The process is as follows:

1.) A host cell that already produces the desired protein is selected

2.) Since the cells that produce the protein will have a lot of the relevant mRNA, reverse transcriptase can be used to make DNA from the mRNA already present

3.) Complementary (cDNA) is then produced from complementary nucleotides to that of mRNA

4.) DNA polymerase then builds up the complementary DNA strand to that of the cDNA form in step 4 to form a double helix

Using restriction endonuclease 

Restriction endonuclease can cut a double stranded segment of DNA at a specific “recognition sequence”
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R.e – can cut either in a straight line to form blunt ends, or in a staggered fashion, forming “sticky ends” which are so called as they have exposed unpaired nucleotides

A recognition sequence is a 6 base palindrome sequence

It is a palindrome sequence since reading the bases from right to left on one strand will produce the same sequence if you read from left to right on the opposite complementary strand

Section 16.2 – In vivo gene cloning – the use of vectors 

Obtained DNA fragments must be cloned. This can be done in two ways

1.) In vivo – transferring fragments to a vector (host cell)

2.) In vitro – using polymerase chain reactions

The importance of “sticky ends” 

When the same restriction endonuclease is used to cut DNA, all the ends of the fragments will be complementary to one another.

When two sticky ends join up, DNA ligase can be used to join the sugar phosphate backbone

Insertion of DNA fragment into a vector 

A vector is used to transport DNA to the host cell

Plasmids are commonly used as a vector

Plasmids often contain the gene for antibiotic resistance

Restriction endonuclease can be used on one of these genes to break the plasmid loop

When the same restriction endonuclease is used to cut the plasmid is the same as that which is used to cut the DNA into fragments, the sticky ends will be complementary 

DNA ligase can be used to join the recombinant DNA permanently

Introduction of DNA to host cells

Transformation – involves plasmids and bacterial cells being mixed together in a medium containing calcium ions

Changes in temperature and the addition of calcium ions cause the bacterial cells to become more permeable to plasmids

Not all of the bacteria cells will however take up the recombinant DNA. This is due the plasmid sometimes closing up again before the DNA fragment is incorporated

The process for determining which cells have taken up the recombinant DNA involves the use of antibiotic resistant genes and is as follows:

1.) All bacterial cells are grown in a medium containing the antibiotic, ampicillin

2.) The cells that have taken up the plasmid will have the gene for ampicillin resistance and so will survive whereas the others will die.

3.) This will leave only the bacteria that has taken up the plasmid left

Gene markers

Most gene markers involve using another gene on the plasmid. The second gene is identifiable because:

1.) It may allow the bacteria to be resistant to a certain type of antibiotic

2.) It may cause the bacteria to produce a fluorescent protein that can be easily seen

3.) It may cause an enzyme to be produced that will have noticeable affects

Antibiotic resistant markers

All the bacteria that has survived the first treatment will be resistant to ampicillin, however some may have taken up plasmids that were not altered and so the tetracycline gene will still be functional
Replica plating is used to identify the bacteria that have taken up the new gene and hence are not resistant to tetracycline

This is achieved as follows:

The bacteria that have survived the first treatment, all have the gene for ampicillin resistance

These cells are cultured on agar plates 

Each cell on the agar will grow into a colony of identical bacteria

A tiny sample of each colony is placed on the exact same position but on a different plate

The second plate will contain the antibiotic tetracycline 

The colonies that are killed by on this plate will be those which contain the modified gene. 
Using their exact position, it is therefore possible to deduce the modified bacteria on the first plate as they will be in the same place

Fluorescent markers

The gene GFP produces a green fluorescent protein

The gene to be cloned is placed in the centre of the GFP gene and hence the GFP gene no longer works. So the bacteria that have successfully taken up the plasmid will be those that do not fluoresce 

Bacteria can then be viewed under a microscope and those that do not fluoresce are retained. This process is more rapid than using antibiotic resistance

Enzyme markers

The gene lactase turns a particular substrate blue. 
By incorporating a desired gene into the middle of the lactase gene, those bacteria that successfully take up the modified plasmid will not have the ability to change the substrates colour therefore they can be indentified

Section 16.3 – In vitro gene cloning – the polymerase chain reaction

Polymerase chair reaction (PCR)

DNA polymerase - an enzyme that joins together nucleotides and does not denature at high temperature

Primers – short sequence of bases complementary to those at one end of a DNA strand

How the PCR creates copies of DNA is as follows:

1.) DNA fragments, primers and DNA polymerase are placed in the vessel of a thermocycler and the high temperature (95oC) causes separation of the DNA strands

2.) The mixture is the cooled 55oC. This causes the primers to anneal to their complementary bases at the end of the DNA strand. This provides a starting sequence for DNA polymerase to start copying DNA. DNA polymerase can only attach nucleotides at the end of a pre-existing chain.

3.) The temperature is then raised to the optimum temperature of DNA polymerase to work. This is 72oC. At this stage, DNA polymerase joins up nucleotides starting at the primer and finishing at the end of the DNA molecule

4.) The cycle is then repeated several times to create more and more copies each time. The amount of DNA double after each cycle

	In vitro advantages 
	In vivo advantages 

	Very rapid – just small amount of DNA can be copied very quickly in to billions of copies. This can save time in forensic investigations
	Useful in introducing a gene to another organism – The use of plasmids can be used to introduce genes into other organisms

	
	Little risk of contamination – The restriction endonuclease cuts at a specific point producing the complementary sticky ends. Contaminant DNA cannot enter the plasmid

	Does not require living cells – No complex culturing techniques required, save time and effort
	It is more accurate – mutations during in vivo cloning are rare. Errors during in vitro are multiplied in subsequent cycles

	
	Only specific genes are copied – since the gene is cut out, only the required piece of DNA is copied

	
	 Produces useful G.M bacteria -  modified bacteria can be used to make useful proteins 


Section 16.4 – Use of recombinant DNA technology 

Genetic modification
The benefits to humans of genetic modification include:

Increasing the yield from animals or plant crop

Creating more nutrient rich food

Making crops resistant to disease, pests, herbicides and environmental changes

Producing vaccines and medicines 

Examples of GM microorganisms

Antibiotics – improvements have been made in the amount of antibiotics produced but has not substantially improved the quality 

Hormones – Incorporating the human gene for insulin into bacteria and using this method to produce the hormone is much more affective as it is not rejected by the immune system unlike the previous method which involved extracting insulin from cows and pigs

Enzymes – many enzymes which are used in the food industry are produced by microorganisms. These include protease to tenderise meat, amylase to break down starch during beer production and lipase to improve the flavour of certain cheeses

Examples of genetically modified 

GM tomatoes – a gene that produces a complementary mRNA molecule to the mRNA that causes tomatoes to soften is added to the tomato DNA. The two mRNA stands combine once formed and thus the corresponding protein/enzyme that causes softening is not produced as it cannot be translated.

Pest resistant crops – some crops can be modified so that they produce a toxin harmful to pest that feed on it.

Plants that produce plastics – possible source of plastics in the future

Examples of genetically modified animals

Production of growth hormones

Resistance to disease thus making animals more economically feasible

Anti-thrombin is a protein that slows blood clotting, inserting the gene for this protein alongside the genes for proteins found in goats milk causes goats to the produce the anti-thrombin gene in their milk which can be used in medicine

The process is as follows:

1. Mature eggs are removed from female goats and fertilised with sperm

2. The gene for anti-thrombin found in humans is added to the DNA of the fertilised egg alongside the genes for other milk proteins

3. The modified egg is them transplant into a female goat

4. The resulting goats with anti-thrombin gene are cross bred to give a heard that produces rich anti-thrombin milk

5. The anti-thrombin is extracted and purified and given to humans as medical treatment

Section 16.5 - Gene therapy
Gene therapy - replacing defective genes with with those cloned from a healthy individual 

Cystic fibrosis 
Deletion mutation on recessive allele that causes the loss of an amino acid in a protein. 

The gene affects the cystic fibrosis trans-membrane-conductance regulator (cftr) which is used for transporting chloride ions across the epithelial membrane

The effect of this is that less chloride ions are transported out of the cell, so less water moves out also by osmosis 

Epithelial membranes with the defective gene become defective and the mucus produced is very thick and difficult to move 

Symptoms of cystic fibrosis include:

Mucus congestion in lungs so greater risk of infection since mucus traps pathogens which are not removed

Less efficient gas exchange

Thick mucus accumulates in pancreatic ducts which prevents enzymes produced by the pancreas reaching the duodenum. This leads to fibrous cysts 

Accumulation of mucus in sperm ducts may cause infertility 

Treatment using gene therapy 

Gene replacement - replacing a defective gene with a normal gene

Gene supplementation - adding copies of the healthy gene alongside the defective gene. The copies are dominant alleles and so the recessive allele which is defective has little/no affect

Depending on which yep of cell is being treated their are two different types of methods of gene therapy:

Germ-line gene therapy - replacing the defective gene whilst inside the fertilised egg. All daughter cell will therefore also have the healthy gene. This is a permanent solution but raises ethical questions

Somatic-cell gene therapy - targets only the affected tissues so is not present in gametes and cannot be passed on to offspring. Since the cells are constantly dying and are needed to be replaced, the treatment is not permanent and must be repeated. 

Delivering cloned CFTR genes 

Using a harmless virus 

Adenoviruses cause colds by I netting their DNA into epithelial cells of the lungs

They can therefore be used as vectors to transfer a normal CFTR gene

This is done as follows:

The virus is made harmless by interfering with a gene involved in their replication

The Adenoviruses are grown in epithelial cells in a laboratory along with plasmids with the normal CFTR gene incorporated in them

The CFTR gene becomes incorporated into the DNA of the virus 

The virus is taken up through the nostrils of a patient

The adenovirus then inject DNA into the epithelial cells of the lungs alongside the normal CFTR gene.

Wrapping the gene in lipid molecules 

 By "wrapping" genes in lipid molecules, they can then pass through the phospholipid bilateral of a plasma membrane.

The process is carried out as follows:

CFTR genes are isolated from healthy human tissue and are inserted into a plasmid that is then taken up by a bacterial cell. Gene markers are used to indemnify the bacteria with the healthy gene

The bacterial cells then multiply and so clone the plasmid and therefore also the gene 

The plasmid are then isolated from the bacteria and are wrapped up in a lipid soluble molecule forming a liposome

The liposomes with the gene are sprayed into the nostrils of patients and are drawn down into the lungs 

The liposome then enters the epithelial cells of the lungs causing the correct protein to be made

The previous two methods are sometimes not effective because:

Adenoviruses may cause infection

Patients may develop immunity

The liposome aerosols may not be fine enough to pass through the bronchi

Even when the gene is supplied to the epithelial cells, the protein is not always expressed.

 Treatment for severe combines immunodeficiency 

Severe combined immunodeficiency means that sufferers do not show a cell-mediated response nor are they able to produce antibodies

Individuals with the defective gene cannot produce the enzyme that would destroy toxins that kill white blood cells

Attempts to cure the disorder with gene therapy include:

The healthy ADA gene is isolated from human tissue using restriction endonuclease 

The gene is inserted into a retrovirus 

The virus is grown in a lab so the gene is copied

The retroviruses are mixed with the patients T cells

The DNA is injected into the T cells by the virus, thus providing the genetic code to make the enzyme.

Since T cells only live for 6 - 12 months the process has to be repeated

By treating bone marrow stem cells with the gene which divides to produce T cells, there is  a constant supply of the Heath ADA gene and therefore
Section 16.6 – Locating and sequencing genes 

DNA probes

A DNA probe is a small section of DNA that has an identifiable label attached to it

The probes are normally either radioactively labelled or are fluorescently labelled

DNA probes identify genes as follows:

The probe will be made of a complementary nucleotide sequence; this will allow the position of a gene to be identified

The DNA being tested will have its strands separated

The strands are mixed with the probe, which will bind to specific part of the strand. This is called DNA hybridisation

DNA sequencing

Used to identify the sequence of bases in the gene that is being located

The sanger method involves using modified nucleotides than cannot bind to one another and thus terminate the sequence

The process is as follows:

Four test tubes are set up; each of which will contain single stranded fragments of the DNA to be studied, a mixture of normal nucleotides, a small quantity of one of the modified nucleotides, a primer that is labelled with a DNA probe and lastly DNA polymerase which will catalyse the DNA synthesis

Since the nucleotides (either normal or modified) which join to the template DNA strand is random, chains of varying length will be made up depending on when the modified nucleotide has joined on

For the test tube that contains modified adenine, all the complementary DNA strands that are made up will all end in the adenine nucleotide but will be of varying lenth

Gel electrophoresis

This technique is used to separate the DNA fragments in order of length

This is process involves placing DNA fragments on to an agar gel, and applying a voltage across it. Since the gel has resistance, the larger fragments will be made to move more slowly that the smaller ones. 

Once the fragments are separated out, a photographic film is placed over the agar gel

The radioactive label will cause the film to change colour where the particular fragment is situated on the gel

Gel electrophoresis will only be used for relatively short fragments of DNA, genes must therefore normally be cut first by restriction endonuclease. This is called restriction mapping

Restriction mapping

Restriction mapping involves cutting DNA at various different recognition sites

Fragments are then separated and identified with gel electrophoresis

When a plasmid is cut by R.E only one strand of DNA is produced. Because of this combinations of R.E are used to cut the plasmid into two fragments. 

The size of the fragments produced depends on which restriction endonuclease are used

Automation of DNA sequencing and restriction mapping

Most DNA sequencing is carried out by machines

Fluorescently labelled dyes are used by computerised systems rather than radioactively labelled ones

Each modified nucleotide has a colour associated with it so that the whole process can be carried out in one test tube

PCR cycles are used to speed up the process

The electrophoresis is carried out in a single narrow capillary gel and the results are scanned by lasers and interpreted by computer software

Section 16.7 - Screening for clinically important genes

Screening is used to determine the probability of a couple having offspring with a genetic condition

Gene screening can be used to detect oncogenes

When both alleles of the oncogene in an individual have mutated, a cancer may form.

Some people already have one mutated oncogene that they have inherited and so are at greater risk of developing cancer

There are 9 main stages of the process of gene screening:

3.  DNA sequencing is used to determine the nucleotide sequence on the mutated gene and is stored in a genetic library

4. A fragment with a complementary sequence of nucleotide bases to the mutant gene is produced

5. The fragment is turned into a DNA probe by radioactively labelling it

6. PCR is used to create multiple copies of the probe

7. The probe is added to a mixture of single stranded pieces of DNA from the patient being tested

8. If the person has the genetic condition the probe will bind to the specific region on the DNA molecule

9. The combined fragments are now distinguishable from the other pieces of DNA

10. If complementary fragments are present, the DNA probe will be taken up and the x-ray film will be exposed

11. If complementary fragments are not produced, the probe will not be taken up and the x-ray film will not be exposed

Genetic Counselling

Examines family history of certain diseases

A counsellor can advise a couple on the what the emotion, economically, medical and social issues that arise from having offspring that suffer from a certain genetic condition 

Screening can help detect oncogene mutations. From this, a counsellor can advise the best treatment plan that would give the patient the best chance of survival

Section 16.8 – Genetic fingerprinting

Genetic fingerprinting

The genome of any organisms contains many repetitive, non-coding DNA bases

The repetitive sequences contained in introns are called core sequences

In every individual length and patterns of the core sequences is unique (except in identical twins)

The more closely related two individuals, the more similarities between core sequences

The five main stages of genetic fingerprinting are:

Extraction, Digestion, Separation, hybridisation and development

Extraction 

DNA is extracted from sample cells and copied using PCR

Digestion

Specific restriction endonuclease enzymes are chosen that will cut close to the core sequences without altering them

Separation

Gel electrophoresis is used to separate the fragments by size

The gel is immersed in alkali to separate the double strands of DNA

Each single strand is transferred by southern blotting onto a nylon membrane

Southern blotting is achieved as follows:

A nylon membrane is laid over the gel

Absorbent paper is them placed over the nylon membrane. The liquid containing the DNA is soaked up by capillary action

This transfers the DNA fragments to the nylon membrane in exactly the same position as they were in the gel

Ultraviolet light then fixes the DNA to the membrane

Hybridisation

DNA probes complementary to the core sequences are added. They bind to the DNA under specific conditions (temp., pH and light). The various probes bind to different core sequences

Development 

X – Ray film is now put over the nylon membrane. The radiation from the probes allows the position of the fragments after electrophoresis to be seen. The pattern of the bands is unique to every individual (except identical twins)

Summary 

Extraction – DNA is extracted from the sample

Digestion – Restriction endonuclease cuts the DNA into fragments

Separation – Fragments are separated using gel electrophoresis

The fragments are then transferred from the gel to a nylon membrane by southern blotting

Hybridisation – DNA probes are used to label the fragments by binding to complementary core sequences

Development – Membrane with radioactively labelled DNA is added to x – ray film

X – ray film reveals dark bands corresponding to the position of DNA fragments after gel electrophoresis.

Interpreting the results

An automatic scanning machine can calculate the length of the DNA fragments. This is done using results from known lengths of DNA

The odds are calculated for somebody else having the same pattern

The closer the match, the higher the chance of the DNA coming from the person being checked

Uses of DNA fingerprinting

Since half the DNA of an individual comes from their mother and the other half from their father, each band on a DNA fingerprint should be found on either the mother or fathers DNA fingerprint also

This can be used to test for paternity

Genetic diversity can also be assessed using genetic fingerprinting

When members of the same population have similar genetic finger prints, the population will have little genetic diversity, hence a smaller gene pool

Light causes a protein that a affects growth factor to move to the left side of the plant causing that side to grow more rapidly. �More growth on the left side causes the plant to bend towards the source of light. 





Efferent neuron – motor neuron


Afferent neuron – sensory neuron








