Unit 5 Control in cells and in organisms


2 Co ordination
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Different cells in the body carry out different functions.  However all the different systems in the body must be coordinated in order to work efficiently. 

In mammals there are two main forms of coordination:
· The nervous system 

· The hormonal system

In plants there is no nervous system but they do respond to stimuli in which they respond using plant hormones.

1. What are the main differences between nervous and hormonal co-ordination? (hint: use Table 1, pg157)

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2. What are chemical mediators and how do they work?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3.  Give two examples of chemical mediators and describe how they work.

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Plant growth factors
Plants must respond to changes in both their external and internal environments.

Plants must respond to Light, Gravity and water.  As mentioned in Booklet 1 Unit 5:
A tropism is the response of a plant to a stimulus.

Positive tropism – is moving towards the stimulus and Negative tropism – is moving away from the stimulus.

Plants respond towards light for photosynthesis – this is Phototropism
Plants respond to gravity – this is geotropism (towards earth)

Plant responds by using growth factors that speed up or slow down plant growth.  

Why is the term growth factor more accurate than hormone?

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________The growth factors are produced in the growing regions – the shoot tip and root tip and they diffuse through the rest of the plant.  

There are two types of growth factors – gibberellin which stimulates flowering and seed germination and auxins which affect root and shoot growth.

The main auxin produces is IAA (Indoleacetic acid) 

IAA in the shoots:
The shoot tip produces IAA which travels down the shoot.  

[image: image1.emf]Light causes IAA to travel to the dark side of the shoot. 

They make the shoot grow faster on that side, growing towards the light.

Draw dots to show where the auxin would collect,  and draw how the plant would grow. This is called ___________________ PHOTOTROPISM.

IAA in roots
In the roots the IAA slow down growth when they collect at the bottom of a root. 
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Draw some dots on this root section to show where the IAA will collect due to gravity.
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Draw how the root would grow with the IAA slowing growth in the bottom half. Continue the dotted lines. Remember that the top half will grow faster, and that it grows from the tip.

                                                                This is called POSITIVE __________________________

The Human Nervous System

Humans, like all living organisms, can respond to their environment. Humans have two complimentary control systems to do this: the nervous system and the endocrine (hormonal) system. 
The nervous system composed of nerve cells, or neurones. A neurone has a cell body with extensions leading off it. Several dendrons carry nerve impulses towards the cell body, while a single long axon carries the nerve impulse away from the cell body. Axons and dendrons are only 10ųm in diameter but can be up to 4m in length in a large animal (a piece of spaghetti the same shape would be 400m long)! A nerve is a discrete bundle of several thousand neurone axons.

Nerve impulses are passed from the axon of one neurone to the dendron of another at a synapse. 
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Numerous dendrites provide a large surface area for connecting with other neurones.

Most neurones also have many companion cells called Schwann cells, which are wrapped 

around the axon many times in a spiral to form a thick lipid layer called the myelin sheath. The myelin sheath provides physical protection and electrical insulation for the axon. There are gaps in the sheath, called nodes of Ranvier. 

Parts of a neurone

	Part of Neurone
	Function

	Cell Body
	

	Dendron
	

	Dendrites
	

	Axon
	

	Schwann Cells


	

	Myelin sheath


	

	Nodes of Ranvier
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Types of Neurones

Motor Neurone

A motor neurone ____________________________________________________________________________________________________________________________________________________________________.
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Sensory Neurone
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_____________________________________________________________________________________________________________________________________________________________________
Intermediate Neurone ( known as relay neurones at GCSE)
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_____________________________________________________________________________________________________________________________________________________________________
The Nerve Impulse

A nerve impulse is a temporary reversal of the electrical potential across the axon membrane – this reversal is between two states – the resting potential and the action potential.

Resting Potentials in Neurones

When a neurone is not sending a signal, it is at ‘rest’.  The membrane is responsible for the different events that occur in a neurone.  

· At rest the outside of the membrane is positively charged compared with the inside.  This is because there are more positive ions on the outside. 

· The membrane is polarised – there is a difference in voltage across it.

· The difference in voltage across the membrane at rest is called the resting potential and is    -65mV (some books say -70mV).

· The resting potential is created and maintained by sodium-potassium pumps and potassium ion channels in the neurone’s membrane.

At rest the distribution of ions inside and outside the axon are as follows

	Ion
	Concentration/mmol dm-3

	
	Inside axon
	Outside axon

	Potassium (K+)
	400
	20

	Sodium (Na+)
	50
	460
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There are more sodium ions (Na+) outside the axon and more potassium ions (K+) inside the axon.

How the resting potential is maintained:

· The phospholipid bilayer prevents movement of potassium and sodium ions

· Some ion channels (intrinsic proteins in the membrane) are permanently open and allow diffusion of ions (K+ and Na+) 

· Other ion channels are voltage-sensitive gates – will only allow movement when they are opened.  – two types of these voltage sensitive K+ gates and voltage sensitive Na+ gates

· Active transport of ions occur using a protein pump called the sodium-potassium pump.  This uses the energy from ATP splitting to simultaneously pump 3 sodium ions out of the cell cytoplasm and 2 potassium ions in. 

Most of the gates in the channel that allow potassium ions to move through are open while sodium gates are closed – this means that the membrane is 100 times more permeable to potassium ions which diffuse out of the axon faster than the sodium ions diffuses back in.  this increase the potential difference between the membranes. 
The imbalance of ions causes a potential difference (or voltage) between the inside of the neurone and its surroundings, called the resting membrane potential. The value of the resting potential in mammals is -65mV
Summarise how the resting potential is maintained.

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

The Action Potential

An action potential occurs when a neurone sends information down an axon.  This involves an explosion of electrical activity, where the nerve and muscle cells resting membrane potential changes. 

The normal membrane potential inside the axon of nerve cells is –65mV, and since this potential can change in nerve cells it is called the resting potential. 

An action potential starts when a stimulus causes the membrane of one part of the axon to change in permeability.  The inside of the neurone changes from -65mV to  +40mV.  An action potential last 3 milliseconds
What happens when there is a stimulus?

__________________________________________________________________________________________________________________________________________________________

When the threshold value of -55mV is reached further deporlarisation occurs:
An action potential has 2 main phases called depolarisation and repolarisation:

DEPOLARISATION  ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
REPOLARISATION

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________HYPERPOLAISATION – What is this and how is the resting potential value regained?

__________________________________________________________________________________________________________________________________________________________
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How are Nerve Impulses Propagated (moved along the axon)?
Once an action potential has started it is moved (propagated) along an axon automatically. The local reversal of the membrane potential is detected by the surrounding voltage-gated ion channels, which open when the potential changes enough. 

Some of the sodium ions that enter the neurone diffuse sideways causing sodium ion channels in the next region to open and sodium ions diffuse into that part.  This causes a wave of depolarisation to travel along the neurone.  
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The ion channels have two other features that help the nerve impulse work effectively:

· After an ion channel has opened, it needs a "rest period" before it can open again. This is called the refractory period, and lasts about 10 ms. During this time the voltage sensitive Na+ channels are closed and there is no movement of Na+ ions into the membrane – the membrane behind the action potential cannot become depolarised.  

This is important:

a) It explains why a nerve impulse only travels in one direction as it can only depolarise the membrane in front of it 

b) The refractory period lasts 10ms and this limits the frequency with which the neurone can transmit the impulses – this makes sure that action potentials don’t overlap but pass along as discrete impulses.
What makes an action potential start?

For an action potential to start the stimulus must reach a certain threshold intensity – below this threshold and an action potential is not created.

Once the threshold intensity has been reached the transmission of the impulse is independent of any further intensity of stimulus – this is  the all or nothing principle –

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

A weak stimulus – subthreshold stimulus is unable to stimulate an action potential.  However if a second stimulus or a series of subthreshold stimulus is quickly applied to the neurone the cumulative (total) effect might be enough to causes an action potential – this is called summation e.g. seeing in dim light rod cells work together to produce a threshold stimulus 

The Speed of the transmission

Myelinated neurones are able to transmit action potentials at a speed of up to 100 metres per millisecond

In unmyelinated neurones the transmission rate is much slower at 1 – 3 meters per millisecond

The speed of the transmission depends on the axon diameter and the myelin sheath

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Depolarisation and action potentials cannot occur in areas of the axon that are myelinated. They can occur at the nodes of Ranvier – so in myelinated axons the action potential jumps from one one to the next – this can increase the speed of transmission by up to 100 times

This is know n as saltatory conduction and is only found in myelinated axons in vertebrates

Saltatory comes form Latin saltare = to leap (copy diagram from board)
Myelinated axons also have the effect of conserving energy as the sodium-potassium pump operates at the nodes so fewer ions have to be transported across the membrane to restore the resting potentials

Synapses

A synapse is where the axon of a neurone connects with the dendrite of another or with an effector – they do not touch but there is a gap about 20nm wide called the synaptic cleft


[image: image4]
· The neurone that carries the impulse to the synapse is called the ______________________________________________
· The axon of this neurone ends in a swollen portion called the _______________________________________.  It contains many _____________________ and _________________________________________

to make neurotransmitters that are stored in the _______________________________

· The neurone that carries the impulse away from the synapse is  the ___________________________________________________
Functions of synapses

Synapses transmit impulses from one neurone to the next.  What do they allow to happen at these junctions?

1. ________________________________________________________________________________________________________________________________________

2. ____________________________________________________________________

______________________________________________________________________
Transmission across a synapse (pg177-179)

Chemicals called neurotransmitters are released from the presynaptic neurone and diffuse through the synaptic cleft to the postsynaptic neurone.  When they diffuse into the postsynaptic neurone they change the polarisation of the surface membrane and cause an action potential to start.
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A cholinergic synapse is one in which the neurotransmitter is a chemical called acetylcholine.

In order to allow an action potential to begin enough Na+ ions must diffuse across the postsynaptic membrane – if enough diffuse across to reach the threshold value then an action potential will start.
Describe the process of transmission across a cholinergic synapse. ( diagrams can be done on separate sheet)
 Learn the 6 steps involved

1.  At the end of the pre-synaptic neurone there are voltage-gated calcium channels. 

__________________________________________________________________________________________________________________________________________________________
2.____________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________3.  ___________________________________________________________________________

_____________________________________________________________________________

4.  ___________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________5.  ___________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________6.  __________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Neuromuscular Junctions.

These are the synapses formed between effector neurones and muscle cells. They always use the neurotransmitter acetylcholine, and are always excitatory. We shall look at these when we do muscles.

Effector neurones also form specialised synapses with secretory cells.

What do the following features of a synapse mean?

1. Unidirectionality

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________2.  Summation

__________________________________________________________________________________________________________________________________________________________
What is the difference between spatial and temporal summation? (include diagrams)
Spatial Summation
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____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Temporal Summation

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
3.  Inhibition

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Agonistic and Antagonistic substances

Many substances are similar in shape to natural neurotransmitters and can fit into the specific receptor of postsynaptic membranes.  

Agonistic substances bring about the same effect as the neurotransmitter e.g. anatoxin mimics the effects acetylcholine.

Produced by algae so if contaminated water drank will cause continuous salivation

Antagonistic substances also bind to specific receptors on the postsynaptic membrane but they prevent neurotransmitters for binding to the receptor sites and so prevent the action of the neurotransmitter e.g. β-blockers are antagonists of adrenaline receptors on the surface of heart muscled cells so slow the heart rate down. 

Curare another antagonists that blocks the action of acetylcholine at the junction of nerves and muscles – acts as a muscle relaxant in patients undergoing surgery

Questions

1.(a) The table shows the membrane potential of an axon at rest and during the different

phases of an action potential. Complete the table by writing in each box whether the

sodium ion (Na+) channels and potassium ion (K+) channels are open or closed.
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(b) Describe how the resting potential is established in an axon by the movement of ions

across the membrane.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

(2 marks)

S (c) Sodium and potassium ions can only cross the axon membrane through proteins.

Explain why. (2 marks)

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

APW/0205/BYA6

2(a) Figure 3 shows the changes in membrane potential at one point on an axon when an action potential is generated.
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 The changes shown in Figure 3 are due to the movement of ions across the axon

membrane. Complete the table by giving the letter (A to D) that shows where each

process is occurring most rapidly.
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 (b) Figure 4 shows the relationship between axon diameter, myelination and the rate of
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conduction of the nerve impulse in a cat (a mammal) and a lizard (a reptile).

(i) Explain the effect of myelination on the rate of nerve impulse conduction.

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

(2 marks)

S (ii) For the same diameter of axon, the graph shows that the rate of conduction of the

nerve impulse in myelinated neurones in the cat is faster than that in the lizard.

Suggest an explanation for this. 


(2 marks)

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

Figure 5 (on next page) shows how a stimulating electrode was used to change the potential difference across an axon membrane. Two other electrodes, P and Q, were used to record any potential difference produced after stimulation. The experiment was repeated six times, using a different stimulus potential each time.

In experiments 1 to 4, the stimulating voltage made the inside of the axon less negative.

In experiments 5 and 6, it made the inside of the axon more negative.

(c) Explain the results of experiments 1 to 4.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

(5 marks)
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(d) Figure 6 shows two neurones, X and Y, which each have a synapse with neurone Z.
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Neurone X releases acetylcholine from its presynaptic vesicles. Neurone Y releases a different neurotransmitter substance which allows chloride ions (Cl– ) to enter neurone Z. Use this information, and information from Figure 5, to explain how neurones X and Y have an antagonistic effect on neurone Z.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

(4 marks)

JUn06
4 IAA is a substance that affects the growth of plants. It is produced in the tips of shoots and

moves downwards in the stem to the rest of the plant. A series of experiments was performed

to investigate the effect of the IAA on the growth of cucumber seedlings.

(a) Figure 10 shows the results of an investigation into the effect of unidirectional light on

IAA.
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 (i) Give one reason for the use of the impermeable glass barriers.

..................................................................................................................................(1 mark)

(ii) What do the results of this experiment show about the effect of unilateral light on

IAA? Use evidence from Figure 10 to support your answer.

............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

(3 marks)

 (b) Figure 11 shows the ways in which two groups of cucumber seedlings were cut before

being used in a second investigation

Figure 11
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 The two types of cut seedlings, P and Q, were grown in different growth media over a

four-hour period. The table shows the results.
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 (i) The cut seedlings were grown in sucrose solution, rather than in distilled water. Give one reason why. 







(1 mark)
..................................................................................................................................................

 (ii) When they were both grown in the dark, the two groups of seedlings responded differently to the inclusion of IAA in their growth media. Suggest one explanation for this different response.

..............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
(2 marks)

(iii) Describe the effect of blue light on the growth of seedlings P and Q.

............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

(3 marks) Spec
5 The graph shows the electrical changes measured across the plasma membrane of an axon during the passage of a single action potential.

[image: image14.emf]
(a) Explain the shape of the curve

(i) over the range labelled A;

......................................................................................................................................................

 ......................................................................................................................................................

 ......................................................................................................................................................

 ......................................................................................................................................................

 (2 marks)

(ii) over the range labelled B;



 (1 mark)
......................................................................................................................................................

 ......................................................................................................................................................

 (b) Fewer action potentials occur along a myelinated axon than along an unmyelinated axon of the same length. Explain why.

......................................................................................................................................................

 ......................................................................................................................................................

 ......................................................................................................................................................

 ......................................................................................................................................................

 (2 marks)
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