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Teacher Notes for Nervous system lesson
Provide full title, target age, differentiation?

1. Overview
This resource covers:
 

· The sensory and motor system 

· The action potential and synapses 

· Diffusion, Active Transport and Secondary Active Transport 

· Brain mapping and wiring principles (+ practical activity) 

· Diseases of the nervous system – epilepsy and spinal cord injury (+ example flies)

· Optogenetic and thermogenetic tools – channel rhodopsin and Shibire protein 

The main aim of this neuroscience resource is to develop an understanding of the fundamental concepts of the nervous system and demonstrate how an organism as simple as a fly can be used to study fundamental biological principles of nervous system function, directly relevant to human biology and disease. The resource is broken down into discrete sections, covering each of the points outlined above. They can be flexibly combined to meet individual preferences or requirements. We provide a lesson plan that has been successfully tested in classes at XXX level. 

Underneath each section title is the estimated time that section will take to cover, with the assumption that they have not covered the material before. 
2. Organisation of the sensory and motor system (10-15 mins) 


In this section the fundamentals of the voluntary nervous system, comprising the sensory and motor system, are introduced. The sensory system (afferent system) sends sensory information towards the central nervous system, and the motor system (efferent system) sends signals away from the central nervous system in order to control muscle movement. Apart from the volutary nervous system, we also have an involuntary/autononomous nervous system which regulates body function in ways that are not under conscious control. 

Shall we have one image showing the three classes so that info on this resource can be mapped into the wider context, which could then also show where neuronal cell bodies lie?
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, the motor system is covered more extensively than the sensory system, with the fundamental question being ‘what happens in your nervous system when you bend your arm?’ Upper motorneurons (in the primary motor cortex of the brain) send up to 1 m long processes (called axons) into the spinal cord where they form synapses with lower motor neurons (in the ventral horn of the grey matter of the spinal cord). Lower motorneurons send axons to body muscles with which they form synapses (neuromuscular junctions) able to trigger muscle contractions. Information is passed on via nerve impulses that travel along axons of upper and lower motorneurons and get passed on at synapses to lower motorneurons or muscles, respectively.
Once this fundamental wiring principle is understood the lesson then continues to look into aspect of more refined wiring: How do we control what muscle in the body to move (e.g. bend vs. stretch the arm, or move arm vs leg)? How do we know whether we got touched on the hand, arm or back? The lesson will explain how different regions of our body are mapped in the brain and spinal cord to deepen the understanding of body wiring. For both contexts we provide micro experiments: for the sensory nervous system, a touch discrimination task, for the motor system an activity with epileptic flies.
More detailed information can be found here: give web link
3. Nerve impulses / action potentials (35 minutes) 

Once the wiring principles have been explained, it should then be clear why nerve impulses and synapses are so important for nervous system function. Here we address nerve impulses.  
A nerve impulse is a change in potential (voltage) across the cell membrane of an axon. It moves rapidly from the cell body towards the distal end where the synapses are. The concepts and mechanisms behind an action potential are not easy to understand, but we have developed the teaching module "5 steps to an action potential" which can be understood already at GSCE level, as judged from predictions that students can make after having gone through the module. The 5 steps comprise: 

1. Create a concentration gradient "via ion pumps" (increasing sodium concentration outside, and potassium concentration inside the neuron). 

2. Generate a membrane potential in form of an electrochemical gradient via "resting channels" (protein pores in the membrane that let only potassium through in low amounts). 

3. Cause rapid depolymerisation through "sodium channels" that can be triggered to open and let sodium in. 
4. Trigger re-polarisation via the transient opening of "potassium channels" that are triggered by depolarisation to let potassium out. 

5. Once, all this is understood, it can be put together into a spatial model that demonstrates the flow of the nerve impulse along the axon.
More detailed information can be found here: give web link
4. Synapses
Synapses have to be used in order for the electrical signal to bridge the gap between neurones as it is not possible for such a small electrical signal to ‘jump’ across the gap. The presynaptic neurone is where the action potential arrives and the post-synaptic neurone is where the action potential is continued. The presynaptic neurone changes the electrical energy in the form of an action potential into chemical energy by releasing a neurotransmitter. It diffuses across the synaptic cleft which is the gap between pre- and post-synaptic neurone. Although there are many different neurotransmitters which the nervous system uses, the steps involved in a synaptic transmission occurring is heavily. 

1. The action potential arrives at the pre-synaptic neurone terminal

2. The change in voltage across the plasma membrane causes calcium channels to open 

3. Calcium ions diffuse into the cell 

4. Calcium ions cause the release of neurotransmitter from small pockets of membrane called vesicles 

5. Neurotransmitter diffuses across synaptic cleft 

6. Neurotransmitter binds to receptors on the post-synaptic membrane

7. Binding causes activation/deactivation of post-synaptic neurone.

The neurotransmitter is  recycled by the pre-synaptic neurone into vesicles for release in the future. 

The transmission of a signal across a synapse only happens in one direction because: 
The pre-synaptic neurone has no receptors for the neurotransmitter.
The pre-synaptic neurone releases the neurotransmitter at a very high concentration, so diffusion only occurs in one direction. 
The pre-synaptic neurone recycles the neurotransmitter, meaning none is released by the post-synaptic neurone. 
The post-synaptic neurone has the receptors for the neurotransmitter to bind to. 

Diffusion, Active Transport and Secondary Active Transport 

Allow 30 minutes for this section

In this section, the focus is on different types of transport and how, just in a neurone, both active transport and diffusion takes place through a wide variety of channel types. 

Firstly, the two questions raised are ‘what is a uniport?’ and ‘what is diffusion?’ A uniporter is a passive transport protein which allows one specific chemical to pass across the membrane. Diffusion is the movement of a chemical down its concentration gradient. 

There are two types of uniporter – channels and carriers. Channels open in the membrane, allowing mainly ions to pass through, but carrier proteins flip in the membrane, allowing larger molecules entrance to the cell. 

Next, the concept of facilitated diffusion is discussed – the selection of specific chemicals to transport. 

Next, active transporters are introduced, and the question of why they are referred to as being active is answered. Next, with the knowledge that active transporters work against concentration gradients, the students must determine how some chemicals are going to move. 

Co-transporters are proteins which transport two (or more) chemicals in the same direction across a membrane. Then, the question ‘what would happen if one chemical wasn’t present’ is posed, the answer being that both have to be present for transport to occur. 

Because of this, secondary active transport can be introduced – if one chemical is always present and another is only sometimes present, then the moment the rarer one appears, it will be transported. Secondary active transport is the transport of one molecule in the direction of its electrochemical gradient and one against its electrochemical gradient. 

Items for simple demonstration – two sets of differently coloured small balls. 

Invite a student to help you – they are the transporter. 

Tell them to put their hands out in front of them and then instruct them to throw the balls the moment a ball is in each hand. 

Then invite another two students up to represent the two chemicals. One has a high concentration (and this student will place a ball back in the hand of the transporter as soon as they have thrown the balls) and the other one is at a low concentration (and so will take a while to place the ball in the hand of the transporter, for example every 10 seconds). 

Once this is done, do the same thing but make both the students representing the chemicals have low concentrations. It should be that the transport of the chemical originally at a low concentration was much faster when one chemical was at a higher concentration – it acts as a driving force. 

This demonstration could be made to involve more students by doing it more like the diagram in slide 23 of the full presentation. Now the light balls are throw towards the class – one is thrown back whilst the other is sequestered. 

The same concept is then shown for exchangers, where one chemical is transported in one direction whilst another is transported in the opposite direction. 

Next, the question ‘why is secondary active transport necessary?’ is asked. There are three main reasons for the use of secondary active transport:
Energy – ATP pumps are very energy-consuming. The ATP pumps in our nerves use 20% of the body’s energy already! Less pumps = more energy saved.
Maintaining gradients – Gradients are useful for many processes – if the blue chemical was being pumped in as well as pumped out, then there would need to be many more pumps to keep the gradient maintained. 
Less specialisation – Pumps are complicated – many different proteins are needed to make a protein which can use ATP. The more complex something is, the more likely it is to malfunction. 

Brain Mapping and Wiring Principles (+ activity) 

Allow 30 minutes for this section (including 10-15 minutes on activity) 

In this section, the aim is to get the fundamental principle across that the more brain area devoted to a certain task, the better one is at performing that task. The main question throughout this section is ‘how is it possible not to mix up between bending and stretching your arm?’ 

Wilder Penfield was a Canadian neurosurgeon in the 1950’s who did experimental treatment on epileptic patients by removing the faulty part of the brain. This type of procedure was fairly standard, but Penfield set himself apart from the normal surgeries by stimulating brain tissue to make sure he wasn’t removing any that didn’t cause a seizure. Whilst performing these, at the time, experimental procedures, he noticed that when he stimulated a specific part of the brain, all the patients would feel/move the same thing – there was a spatial layout of the body in the brain. He made a map of how the body ‘sees itself’ called the homunculus which in Latin means little human. As people would feel things and also move body parts then there is a sensory and a motor homunculus – so you know where the signal has come from and where the signal is going to. 

A YouTube video is linked on slide 30, which shows a modern day procedure of Penfield’s experimental one. It lasts about 5 minutes and although it does not show the stimulation of the motor or sensory cortex, it does show the fact that when the surgeon stimulates a certain section of the brain, speech and vision can be disrupted – all functions of a person have a specific location in the brain. The video has no ‘gory’ sections but the brain is seen and electrodes are placed on it, so there are some parts which students should have some prior warning. 

The homunculus is an odd shape – with large hands and a large head. The representation of different parts of the body is different to the relative size of that body part. We can do an experiment to test and see if this has an effect on the body. 

Before the experiment is done, there has to be a shift to the sensory system. The students should get time to think about the 7 senses – sight, smell, touch, hearing, taste, balance and proprioception (the knowledge of where your body parts are in space). The latter can be demonstrated easily, by asking the students to close their eyes and touch their finger to their nose – they know how to move their hand to the nose without watching it. 

The experiment which the students are going to do will test the ability of the students to discriminate between two different points. This can be done very simply, by attaching two cocktail sticks to a ruler with blue-tack and then changing the distance between the two points and finding the distance at which the student can only feel one point. An instruction sheet is provided on the results sheet, and a video in the presentation which quickly demonstrates what to do, however it may be best to do a quick demonstration to make the test take less time. 

The students need to be in groups of at least two. The student who is being tested on must not look during the test at all and the student using the tool to test the distances should randomise the distances used. If you are short for time, do less body areas and less distances, but make sure the range of distances is still maintained. 

The instruction sheet has three body parts to test – the upper arm, the forehead and the palm of the hand. If the class were split into three so each section tested one, this also speeds up the test. 

The results of the test can be collected quickly, with the expected results being that the hand is best at discriminating between two points and the upper arm is the worst, with the forehead being in the middle. There is a spreadsheet to accompany this part of the resource which can be used, especially as the data collected could be used to introduce or revise statistical analysis. Once the results are in, the students need to link it back to the homunculus, with the idea that areas with larger representation in the homunculus are better at telling the difference between two points. 

The students then need to think about is how this relates to neurones. Prompts can be given such as whether they think the types of neurone change, the size of the neurone changes, the number of neurones etc. The more space in the brain given to a body part, the more neurones are devoted to it and the more sensitive the area is. 

A step-by-step guide to why this is the case is then introduced, explaining that the more neurones given to a body part, the smaller area the neurone has to monitor and so the more likely two neurones are activated and two points are felt as being separate. 

The motor homunculus is then briefly introduced, with the main aim to show that the brain has a map of where a signal has come from and where to send a signal to. 

Diseases of the nervous system – spinal cord injury and epilepsy (+ example flies) 

Allow 20 minutes for this section 

In this resource, the two main diseases which are mentioned are spinal cord injuries and epilepsy. Students are expected to know that when someone has a spinal cord injury, paralysis occurs. This may need to be linked back to the fact that all neurones which go to the periphery go through the spinal cord. The students then need to understand that the paralysis only occurs in muscles which are innervated by nerves leaving the spinal cord below/at the site of injury, as any upper motor neurones which synapse in higher vertebrae are left wholly in-tact. It could also be a good point to introduce the fact that nerve cells do not regenerate and so in most cases the paralysis is permanent. This also leads to an opportunity introduce or repeat the experiment with the Shibire TS flies, which, when acclimatised to body temperature (usually done by the students placing the vile underneath the arm) become totally paralysed. The reason for this paralysis is explained in the later section ‘Optogenetic and Thermogenetic Tools’. 

Epilepsy is then introduced next, asking the students what they think will happen if all motor neurones fired at the same time. Every time this resource has delivered, the students have worked out that this leads to a fit or a seizure. Seizures are most commonly linked to the disease epilepsy where seizures are unprovoked. A video then plays which shows a lion, a snake and some goats having seizures, the point here to show how the disease is not just found in humans, but all across the animal kingdom and they have very similar appearances. This also shows how the fundamentals of the nervous system are conserved across species. 

Bang-sensitive flies can be used to demonstrate an epileptic fit – it is possible to induce seizures in these flies by shaking them, as the video in slide 44 shows. The flies are in a clear vile and the Shibire TS flies can act as a control here – after both tubes (one containing bang-sensitive flies and one containing Shibire TS flies)  have been shaken, the bang-sensitive flies are incapacitated at the bottom on the tube whereas the Shibire TS flies are not affected. With the knowledge of the action potential, the students are expected to understand that by having faulty potassium channels, the repolarisation of a neurone does not occur as quickly, meaning signals in the nervous system cannot be turned off, resulting in seizures. 

Bang-sensitive flies and other strains of epileptic flies are used for screening anti-epileptic drugs. Flies are useful model organisms as it is easy to test many flies very quickly due to their very fast life cycle of only 12 days and due to the fact they are a very simple organism there are far fewer ethical concerns when using flies in research. In this way, it is possible to find potential compounds which could be used to treat epilepsy in a cost-effective manner, but also rule out any drug when it has poor effects before the costs of developing that drug become far higher. This could be a possible debate topic to cover with the class – the use of animal testing in research. 

Optogenetic and thermogenetic tools – channel rhodopsin and Shibire protein

Allow 20 minutes for this section 

Activation of the nervous system

The optogenetic and thermogenetic sections have been split into two separate parts, due to the added complexity of understanding how optogenetics works, but the fundamental concept introduced for both proteins is the same – by manipulating the nervous system in a systematic way, it is possible to reveal the function of individual or groups of neurones. 

Optogenetics is the term used for expressing a light-sensitive protein in a cell. Channel rhodopsin is a prokaryotic light sensitive protein which responds to blue light. When blue light shines on the protein, the channel opens and cations can flow into the cell, causing depolarisation and activation of the neurone. The protein is found in the algal cell Chlamydomonas reinhardtii. The gene for that protein is taken out of the algal cell and expressed in a neurone, making the cell become light-sensitive. 

When blue light is shined onto maggots which have been modified so all its neurones express the channel rhodopsin gene, all of its muscles to contract. Since all the muscles in a maggot are found on the outside of the organism, then this activation causes the maggot to reduce in size – something which can easily be seen underneath a microscope.  Videos show the power of this research tool in slides 58 and 59, the latter showing that even when the head of the fly is removed, the jumping behaviour can still be activated by activation of the neurones responsible for producing that response, which usually occurs when the fly is threatened (like when you try to swipe one). 

Thermogenetics is the expression of temperature—sensitive proteins in cells, in the same way as the channel rhodopsin protein. This can also be used to produce specific behaviours, such as the moonwalker flies which can only walk backwards when the temperature is high. This method of changing neurone function is much less invasive than optogenetics in larger animals, but due to the fact that many of the larger organisms that are studied are warm-blooded, this tool is much more useful in cold-blooded organisms. 

Inactivation of the nervous system

Shibire TS is a temperature sensitive protein. Its normal function (which is not usually affected by temperature increase) is to allow vesicle formation in the recycling of neurotransmitter as shown in slide 66. By using a temperature sensitive version of the protein, it is possible to halt synaptic transmissions by temporarily removing the ability of the neurone to produce neurotransmitter. 

Shibire TS flies can be provided to demonstrate its effect. By placing the tubes of flies under the armpit and this time using the bang-sensitive as controls for the this temperature experiment, after the flies have acclimatised to body temperature (around 3-5 minutes), it is possible to see that the Shibire TS flies are completely paralysed and the bang-sensitive flies are not affected at all from the raise in temperature. The reason Shibire TS cannot function at high temperatures is due to the fact that the protein has fewer di-sulphide bonds within it, causing it to denature at much lower temperatures than usual. 

Shibire has been used in research to identify the areas of the fly’s central nervous system responsible for associative memories. Associative memories are those formed when one stimulus becomes linked to another event, the prime example being Pavlov’s dogs where they started to salivate on hearing the bell for the food even before the food had been presented. By expressing the Shibire protein in specific neurones, it has been possible to turn off these associations. This can be shown using a simple choice test for the fly. The fly is presented with two odours, one is always linked to a shock whereas the other is linked to a food reward. The flies quickly learn to associate one odour with the shock and the other with food. However, turning these neurones in the brain off removes this memory and the flies randomly choose to go toward either odour. The area of the brain in which associative memories are stored are called mushroom bodies and it’s one of the only times it has been possible to map the location of memories. 

Lesson Plan Examples 

	Section 
	Time allowance 
	Activity
	Requirements

	Brain mapping & wiring principles 
	30 mins 
	Starter - Senses (start on slide 34 then go from slide 30) 
	

	
	
	Wilder Penfield + vid 
	YouTube link 

	
	
	Discrimination task (15 minutes) 
	Sensory discrimination sheet, discrimination tool. 

	
	
	Receptive field explanation 
	

	Sensory and motor system
	10 minutes 
	Differences between sensory and motor systems 
	

	Action potential 
	35 minutes (only if higher achieving class) 
	5 steps to action potential
	

	
	
	
	

	Homework 
	1 hour 
	Questions 1, 4, 5,7 
	


�indicate specifications


�develop a clearer structure with numbered headings and a clear format





