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Module 1 - Communication and Homeostasis
4.1.2   Nerves
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Receptors
A receptor is a specialised cell that transduces the energy of a stimulus (environmental change) into electrical energy in an action potential (nerve impulse) that is transmitted in a neurone (nerve cell)

Different types of receptors exist – each type specific for a particular type of stimulus (energy 


Receptors



Energy change detected  


Rods and cones (eyes)


Light intensity & different wavelengths of 


Vision (photoreceptors)


light (colour)

Olfactory (nasal cavity)


Volatile chemical molecules


Smell (chemoreceptor)

Gustatory (tongue)


Soluble chemicals


Taste (chemoreceptor)

Pacinian corpuscles (skin)

Pressure on skin


Pressure (mechanoreceptor)

Sound (ear – cochlea)


Vibrations in air


Hair cells (mechanoreceptor)
Proprioceptors

Length of muscle fibres (tension); mechanical
Stretch (mechanoreceptor)

displacement
Generator (Receptor) Potentials in Receptors and Action Potentials in Neurones
Changes in the environment are detected by receptors (receptor cells).  They act as biological transducers – i.e the receptor cells convert stimulus energy (e.g. light) into electrical energy of an action potential (nerve impulse), which is propagated (transmitted) along a sensory neurone to the central nervous system (CNS).
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How do ation potentials transmit nformation
aloni 3 neurone?
An action potential at any point n an axon's

plasma membrane triggers the production of an

sction potential n the membrane on either side
ofit. Fg

fary depolarisation of the membrane where the
sction: potental is causes a local circuit’ o be set

e 634 shows how it docs this, The tempo-

up between the depolarised region and the resting
regians on cither side of . Sodium fons llow side
ways inside the axon, away from the positively
charged region towards the negatively charged
regions on either side. This depolarises these

adjoining regions and so generates an action

potential in them,
I practice f an action potential has been

tion from a point of stimu-

lation, a “new action potential s only generated

traveling in one din

i, and not behind, i. This is because the
regior stil b ecovering from the
sction potential it has just had and s distribu:
o of sodius and porassitm fons will ot et be
incapable of pro-

ehind it wil

back to normal. It s therefo
ducing a new action potent
This is known s the refractory period.

ow aclen potots cary ot
Action potentials do not change in size as they
travel, However long an sxon i, the action
potential will contintie o reach a value of +40mY
inside

the stimulus which originally generated the

\/ \

o Figure 6:34 How action potentials are transmitied
along un axon, Local circults are et up between
the region where there s a acton potentia and
the restng reglons, causing the resting resions 1
depotarise

all the way along. Moreover, the intensity of

sction potential has absolutely no effect on the
sz of the action potential. A very strons light
shining in your eyes will produce action poten:

. Nar

tals o precisely the same size ss & dim

does the speed at which the action potentials

traved vary according to the size of the stimulus
tial

i any one axan, the speed of axon po

transmission is slways the same
What e different about the action potentials
resulting

their requency. A strong stimuius produces &

eom  strong and & weak stimulus i

rapid succession of action potentials, cach one fol
lowing along the axon just behind its predecessor
Aveak

mulus results i fewer action potentials
per second (fgure 635,

Marcover,a strong stimulus i ikely T stimulite
more neurones than a weak simulus, Whle 3 weak
stimalus might result in action potentials pasing

along ust one o two neurones,  strang stimulus
could produce action potentials in many me
The brain can therefore interpret the f

of action potentials arriving alang the axon of a

uency

sensary neurone, and the number of neuron

rying action potentials. o get information abou

the sirengh of the stimulus being derected by that

receptor: The ature of the stimulus, whether it i
Hight, heat, ouch o 5o on, s deduced from the
position of the sensory neurone bringing the fnfor
mation. Ifthe newrone i from the reting of the
eye, then the brain will interpret the information
s meaniog lght". 1 for some reason a different

cell i the retina, the brain wil stl intespret the
action porentials from this receptor as meaning
Tight This is why rubbing your eyes when they

are shut can cause you 10 ‘see” patterns of g

Speed of conduction
In & myelinated human neurone, action potentials
travel at up (0 100m

neurones, the specd of conduction s much

in nonmyelinated

slower,being as low as 05ms ! in some cases,
Myelin speeds up the rate at which action pote

tals travel by nsulating th
Sodium and potassium fons cannot flow through

the myelin sheath, so it i not possible for depy
isation oF action potentials o oceur n parts of

the ason which are surrounded by it They can
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Receptors are specific – each type of receptor responds to one form of energy (stimulus)
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Synapses
Where two neuranes meet, the
touch. T

damot quite

ere s very small gap, about 20 nm
them, This gap s clled the

pric cleft.

. plus the cleftiself, make up a

ayape igars A1

The mecasisn o spapc ransmisson
Action potentials cannot jump scross synapses,

Insead, the signal is passed across by a chemical.
known 15 transmitter substance. In outline, an
on the plasma mem.

action potential arriving

brane of the irst. or presy
it to elease transmitter substance into the cleft

The transmitter substance molecules diffuse

scross the cleft, which takes less than a millsec
ond as the distance is 50 smal. This may set up ar
action potential in the plasea membrane of the
second, or postsynaptic. neurone.

Let s ook at these processes in more detail
e cytoplasm of the presynaptic neurone cor
tains vesicles of transmitter substance (igure 642,
More than 40 different transmitte substances are
noradrenaline and acetylcholine e
found throughout the nervous system, while

Known

Presapic Poutoynapeic

possy menbra
LR
et

paptic bl

syl et

wsice - containing
et

e —

« Figure 641 A synapse

o Tigure 642 fic
(68000, The p
e pict

others such as dops

nine and glutamie acid oceur
only in the brain, We will concentrate on those
ynapses which use acetylcholine (ACh)as the

transmitter substance. These a
ic symapses

You will remember that, as an action potential

choli

sweeps alon the plasma membrane of 3 neurone

local circuits depolarise the next piece of

‘membrane, opening sodium channels and so
propagating the action potential, n the part of

the membrane of the presynaptic neurone which

is next to the synaptic cleft, the arrival of the
action potential also causes calcium channels to
open. Thus, the action potential cases ot only
sodium jons but also calcium fons to rush in to
the eytoplasm of the presynapric neurone

This influx of calcum fons causes vesicles of
ACH to move 1o the presynaptic membrane and
fuse with it, emptying their contents into the
synaptic clft figure 6.4, Each setion potential
causes Just a few vesicles to do this, and cach
ains up t0 10000 molecules of ACh
The ACh diffuses acros the synaptic clef. usually





The frequency of the nerve impulses produced by the receptor varies with the intensity of the stimulus
Receptors generate receptor potentials, termed generator potentials, on stimulation.  If a threshold 

intensity is reached, the sensory neurone, specific to that receptor, is stimulated to generate an action 

potential (nerve impulse).
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Pacinian Corpuscle – a Mechanoreceptor – Detects Pressure
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‘The plasma membrane of the postsynaptic
neurone contains receptor proteins. Prt of the
eceptor protein molecule has a complementary
tof the ACh molectle s that the ACh

molecules can temporarly bind with the receptors.
This changes the shape of the protein, opening
channels through which sodium fons can pass
(figure 64, Sodium fons rush into the eytoplasm of
the postsynapic neurone. depolarising the
membrane and starting off an action potential

1 the ACh remained bound to the postsynaptic
receptors, the soditm channels would remain
open, and action potentials would fire continu-
ously. To prevent this from happening, and also to
avoid wasting the ACh, it is recycled. The synaptic
clft contains an enzyme, acetylcholinesterase
which splits each ACh molecile {nto acetate and
chaline.

shape to pa

The chaline s taken back into the presynaptic
neurane, where it is combined with acetyl

coenzyme A to form ACh ance more. The ACh is
then transported into the.
eeady for the next action potenti

synaptic vesicles,
1. The entire

sequence of vents, from inital arival of the
action potential 1o the reformation of ACh, takes
about 5-10ms.

Much of the research on synapses has been
done no at synapses between two newrones, but
those betweeen & motor neurone and a muscle,

e prosc bt

make p the ceykhoine
g

iy

I

 Figure 644 Detail of how the scetyicholine
Feceptor works. The eceptor i made o five
protein subunits spanning the membrancs
artanged to form a cylinder. Two of these subuits
contain acetylchaline recepior sites. When
acetylcholine molecules bind with both of these
Feceptor sites the proteins chunge shape. opening
the channel between the units. Prts of the protein
molecules around this channel contain negatively
charged amino acids, which attract positively
charged sodium fons and pull them through the
chaniel
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Many generator potentials may need to add together in a receptor to cause a nerve impulse (action potential) to fire off - termed summation.
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Taste (gustatory) receptor – a chemoreceptor
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The Neurones (Nerve Cells) are the Functional Cells of the Nervous System
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Once an action potential is initiated by a receptor, it is transmitted along neurones to other parts of the body. All neurones have the following basic components 

Three types of neurones are found in the nervous system – sensory, motor and intermediate (relay)
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The Reflex Arc – a Simple Neural Pathway

The structural and functional relationships between receptors, neurones, and effectors can be illustrated by a spinal reflex arc – e.g. the withdrawal reflex 

A reflex arc is the pathway along which impulses are carried from a receptor to an effector, without involving “conscious” regions of the brain
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Synapse
A synapse is a junction between two or more neurones, or between a neurone and an effector cell, e.g. a muscle or gland cell

Nerve impulse are conveyed across the gap by means of a chemical neurotransmitter, which binds to specific complimentary receptors on the plasma membrane of the next neurone or an effector (muscle or gland)
Causes depolarisation of postsynaptic membrane to initiate an action potential
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Neurones and Action Potentials
Neurons send messages electrochemically.  Chemicals cause an electrical signal (action potential; nerve impulse) which is then propagated along the neurone.
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The generation and transmission of a nerve impulse (action potential) along a neurone involves electrical potentials across the neurone membrane – these are
· Resting membrane potential (polarised state)
· Action potential (depolarised state)
· Repolarisation (return to resting membrane potential)
Resting Membrane Potential (RP)
A neuron is said to be at “rest” when it is not conducting an impulse.  The inside of the neuron is negative relative to the outside as a result of the unequal distribution of ions.  The outside of the membrane is positive relative to the inside.
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A- = organic anion

An energy (ATP) requiring Na/K ion pump moves three Na ions out of the neuron for every two K ions pumped in – against their concentration gradients. 
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Action Potential - Generation










Action Potential – Changes in Potential Difference















Stimulus

Transmission of Action Potentials

A neurone transmits information in the form of action potentials to other parts of the body

· The opening of Na ion channels due to a stimulus causes depolarisation of the nerve cell membrane – Na ions diffuse into the neurone. This results in an action potential
· A localised circuit is set up on either side of the depolarisation – between the depolarised region and the resting region adjacent to it on either side 

· Inside the axon, Na ions flow (diffuse) sideways, away from the positively charged region (local high concentration of Na) towards the resting (negatively charged) regions on either side (low Na concentration)
· The Na ions cause the opening of Na gates – Na ions flood in by diffusion down a concentration gradient, resulting in depolarisation (action potential)
· This is repeated along each section of the membrane
· One-way transmission occurs– due to refractory period – i.e. the period of recovery of the axon behind the action potential
One-way transmission

In practice, an action potential travels in one direction from a point of stimulation
If an action potential is travelling from one direction from a point of stimulation, a “new” action potential is only generated ahead of it and not behind it.  
This is because the region behind it will still be recovering from the action potential it has just had and its distribution of Na and K ions will not be back to normal. 
It is therefore incapable of producing a new action potential for a short time – this is known as the refractory period (4-8 ms) – this imposes an upper limit on the frequency of impulses. 
The refractory period ensures impulses pass in one direction along an axon – i.e. pass from active region to a resting region, and cannot “double back
Furthermore, synapses also ensure a one-way transmission of action potentials


Frequency of Action Potentials in Relation to the Strength of a Stimulus

Action potentials do not change in size a s they travel – an action potential will always reach + 30 mV all the way along an axon

The intensity of the stimulus will have no effect on the size of the action potential 
A very strong light will produce action potentials of the same size (= 30 mV) as a dim light

– providing the threshold (- 55 mV) is reached
The speed of axon potential transmission is always the same in a particular axon 

The difference between a strong and a weak stimulus is their frequency
· The speed of axon potential transmission is always the same in a particular axon 

· The difference between a strong and a weak stimulus is their frequency
·  a strong stimulus produces a high frequency  of  action potentials per second

·  a weak stimulus results in a lower frequency of  action potentials per second
· A stronger stimulus stimulates more neurones than a weak stimulus




· The frequency of action potentials and the number of neurones stimulated is interpreted by the brain to assess the strength (intensity) of the stimulus being detected by that receptor

· The nature of the stimulus is deduced from the type and position of the receptor being stimulated


Speed of Conduction of Action Potentials – Myelinated and Unmyelinated Neurones






Saltatory (“jumping “) Conduction in Myelinated Neurones














Synapse

A synapse is a junction between two or more neurones, or a junction between a motor neurone and an effector cell (or gland cell), termed a neuromuscular junction (NMJ)
Gaps – about 20 nm wide - between neurones are termed synaptic clefts.  The parts of the two neurones near to the cleft, plus the cleft itself, make up a synapse

The presynaptic neurone ends in terminal branches with swellings, termed synaptic knobs (bulbs) 


Synaptic bulb (knob) – features

Postsynaptic membrane

· Contains receptor proteins linked to ligand-gated Na ion channels 
· Part of the receptor has a complimentary shape to acetylcholine

· Binding of acetylcholine (ligand) causes the opening of the Na ion channels – example of cell signalling


· Some synapses are electrical

Cleft 
· Has acetylcholinesterase (enzyme) 

· Breaks down acetylcholine to choline and acetate – choline and acetate are taken up into the presynaptic bulb by a re-uptake mechanism and used to synthesise acetylcholine




     Acetylcholinesterase (cleft)
ACh



choline + acetate





    Choline acetyl transferase (knob)
Types of Synapses

Mechanism of Synaptic Transmission


Some neurotransmitters in the nervous system


Roles of Synapses

Summation

A single nerve impulse arriving at a synapse may cause the release of only a small amount of neurotransmitter – this may not be enough to cause an excitatory post synaptic potential (EPSP) in the postsynaptic membrane, since the  threshold is not reached

Summation 
Method of achieving sufficient neurotransmitter at the post synaptic membrane to cause an action potential

This can be achieved by 

Either, the neurotransmitter being released from many neurones – termed spatial summation, or,
One neurone that’s stimulated a large number of times in a short space of time –termed temporal summation










Neural Networks
Neural networks allow information to be dispersed or amplified – synaptic divergence and synaptic convergence   





Retinal convergence





Effects of other Chemicals and Drugs at Synapses


Many drugs and other chemicals act by affecting the events at synapses 
Nicotine (tobacco)
Part of the nicotine molecule is similar in structure to ACh – it fits into ACh receptors on the postsynaptic membrane

Produces similar effects to ACh – initiating action potentials (in neurone/muscle) by causing Na channels to open

Unlike ACh nicotine is not broken down and remains in the receptors for longer

Not all ACh receptors are equally responsive to nicotine – nicotinic receptors at the neuromuscular junction have a low affinity for ACh

Some effects of nicotine
Acts as stimulant (and depressant) in mammals – responsible for addictive effect - high doses can be fatal

Causes a release of glucose from the liver and adrenaline from the adrenal medulla, Users report feelings of relaxation, sharpness, calmness, and alertness – due to a reduction in appetite and an increase in the basal metabolic rate
Botulinum toxin (bacterial toxin produced by Clostridium botulinum) - Botox
Cause of food poisoning – can be fatal

· Acts on presynaptic membrane - prevents uptake of Ca ions into pre-synaptic bulb (bouton)
· Prevents the fusion of ACh filled vesicles with the presynaptic membrane - preventing the release of ACh.  
· Inhibits acetyl cholinesterase – no removal of ACh from receptors – no repolarisation of post-synaptic membrane

· No neurotransmitter released - neuromuscular transmission is prevented – no action potential in post-synaptic neurone, resulting in flaccid paralysis and muscle weakness.



Anticholinesterases 
Acetylcholine esterase (AChE) is found in the CNS, PNS, at neuromuscular junctions, and red blood cells – it catalyses the hydrolysis of ACh to acetate and choline





AChE
ACh


Acetate + Choline
· Anticholinesterases inhibit AChE, therefore preventing the breakdown of ACh in the synaptic cleft, to terminate synaptic transmission
· Continuous production of action potentials in post-synaptic membrane occur due to the continued presence of ACh
· These have widespread effects in the body – e.g. paralysis of respiratory muscles – can be fatal
Uses of anticholinesterases
Organophosphorous insecticides (+ nerve gases) - e.g. parathion; sarin

           

 Parathion
Clinical use – e.g. treatment of myasthenia gravis
Myasthenia Gravis is a disease, which weakens muscle contractions.  
It is a disorder of the neuromuscular junction, caused by the body's immune system attacking the postsynaptic ACh receptors – impairing the ability of the nerve to cause muscle contraction, and hence producing the apparent weakness. The cause of this auto-immune reaction is not yet known. 



It mainly affects muscles that are controlled voluntarily – often those controlling eye and eyelid movement, facial expression, chewing, swallowing and talking.

Treatment - pyridostigmine
This drug prevents the breakdown of ACh – improving muscle 
contractions and strengthens the affected muscle
Immunosuppressants may be used - improve muscle contraction by 
controlling the production of abnormal antibodies
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Candidates should be able to: 





outline the roles of sensory receptors in mammals in converting different forms of 


energy into nerve impulses; 





describe, with the aid of diagrams, the structure and functions of sensory and motor neurones; 





describe and explain how the resting potential is established and maintained; 





describe and explain how an action potential is generated; 





describe and explain how an action potential is transmitted in a myelinated neurone, with reference to the roles of voltage-gated sodium ion and potassium ion channels; 





interpret graphs of the voltage changes taking place during the generation and transmission of an action potential; 





outline the significance of the frequency of impulse transmission; 





compare and contrast the structure and function of myelinated and non-myelinated neurones; 





describe, with the aid of diagrams, the structure of a cholinergic synapse; 





outline the role of neurotransmitters in the transmission of action potentials; 





outline the roles of synapses in the nervous system 
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Generator potentials








Retina





Rod








Cone
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LIGHT








A generator potential does not travel along the nerve fibre. 





It is a localized change in the concentration of various types of electrolytic charges. 





This is involved in the functioning of receptors (transduction).





Applying pressure distorts the capsule and deforms the nerve endings inside it





Gates of Na ion channels (stretch-mediated channels) open in unmyelinated axon ending of sensory neurone in receptor





Na ions diffuse into cell (nerve ending of sensory neurone) down a concentration gradient (maintained by a Na / K pump)





The membrane becomes depolarised (inside becomes positive with respect to outside, which becomes negative).  A receptor (generator) potential is initiated





The generator potential causes more voltage-gated Na channels to open (positive feedback) – more Na diffuses in rapidly





A bigger stimulus excites the membrane more, causing a bigger movement of ions and a bigger change in potential difference – due to more Na channels opening - so a bigger generator potential is produced





If the generator potential is big enough – i.e. if it reaches a threshold value (bout +40 mV - an action potential (nerve impulse) is generated in the sensory neurone – “all or nothing” principle





Na  channels close; K ion channels open – K diffuses out of the cell – repolarising the membrane





Membrane becomes temporarily hyperpolarised (~ -9 mV – due to the influx of K ions)





Na / K pump restores membrane potential





Applying pressure to the Pacinian corpuscle causes a depolarisation of the membrane of the sensory nerve ending.  





This is called the receptor (generator) potential.  





Greater pressures produce greater number of receptor potentials.





If the receptor potential reaches a particular size (i.e. the threshold value), then an action potential is triggered.





Below  the  threshold, the stimulus only causes local depolarisation (generator potentials) , not action potentials – no information is transmitted along the sensory neurone





Above this threshold action potentials are initiated – as  the pressure increases, the action potentials are produced more frequently 











Cell body – contains the nucleus, contains many mitochondria, ribosomes, RER, and Golgi body





Dendrites – highly branched extensions from the cell body that connect to other neurones; receive incoming impulses – carry impulses towards the cell body; increases the number of synapses that can be made with many other neurones





Axon (extension from cell body) - carries impulses (action potentials) away from the cell body 





Sensory neurones – impulses are carried to the CNS from the cell body – cell body is not in the CNS – cell body is in the peripheral nervous system





	Motor neurones – impulses from the cell body (in the CNS) are carried to the effector (muscle or gland)





Shorter axons in a pathway will slow down conduction due to more synapses





Terminal branches – highly branched (many connections) - contain many calcium channels, mitochondria, and vesicles (containing neurotransmitter) – vesicles release transmitter, by exocytosis, into a gap (synaptic cleft) between the branches and the postsynaptic membrane of a neurone or an effector





Schwann cells (in myelinated neurones only) – wrap around the axon all along its length – forming a myelin sheath (containing mainly lipid with some proteins) – speeds up conduction





Terminal branches 





Highly branched (many connections) - contain many mitochondria and vesicles (containing neurotransmitter) 





Vesicles release transmitter into a gap (synapse) between the branches and the effectors (or neurones)











Schwann cells (in myelinated neurones only) 





Wrap around the axon – forming a myelin sheath (containing mainly lipid with some proteins) – speeds up conduction














Dendrites 





Highly branched – increase the number of synapses (junctions) that can be made with many other neurones





Receive incoming impulses - conduct impulses towards the cell body 








Axon (long)





Conducts impulses (action potentials) away from the cell body towards the effector (muscle or gland)





Shorter axons in a neural pathway will slow down conduction due to the presence of more synapses











Motor neurone





Transmit nerve impulses from the CNS to effectors





Cell body is in the CNS; cell body is at the end (of neurone)		





Many short dendrites – connect directly to cell body - carry impulses to the cell body





Axon – long – ends at effector - carries impulses away from the cell body towards effector cells





Terminal branches (nerve endings) – contain many mitochondria and vesicles (containing neurotransmitter)





Vesicles release transmitter into a gap (synapse) between the axon terminals and the effector cells





Numerous mitochondria  - ATP from respiration – required for nerve impulses, synthesis of neurotransmitter and movement of vesicles to secrete neurotransmitter by exocytosis





Sensory neurone





Transmit nerve impulses from receptors to the (CNS) 





Pass the impulses onto other neurones across synapses (gaps) by releasing chemicals called neurotransmitters





Cell body is not in the CNS (in PNS)





Cell body is in the middle of the neurone





One long dendron – carries impulses from a sensory receptor towards the cell body.  Dendrites do not connect directly to cell body





One short axon – carries impulses into the CNS – shorter than a dendron






































Intermediate (relay / internuncial) neurone





Located in the CNS – in between sensory and motor neurones and in internal neural pathways 





Transmit nerve impulses between sensory neurones and motor neurones





In some pathways, there may not be an intermediate neurone between the sensory and relay neurone








Nerve pathway


(stimulus to effector)





Stimulus








Receptor








Sensory neurone








Relay neurone








Motor neurone








Effector (s)





Grey matter – mainly nerve cell bodies


White matter – mostly axons and dendrons





Receptor detects a stimulus (change in the environment) 





Sensory neurone conveys signal to relay neurone in the CNS (spinal cord) – across a synapse (junction / gap)





Relay neurone conveys signal to motor neurone in the CNS (spinal cord) – across a synapse 





Motor neurone transmits signal to effector (muscle in this case). 





Effector produces a response - a muscle responds by contracting (to lift the arm in this case), a gland by secreting chemicals(enzymes; hormones)





The impulse will also be passed onto other neurones which takes the impulse up the cord to the brain





The effector responds to the stimulus before there is any voluntary response – response does not involve  regions of the brain 





This type of reaction is called a reflex action – it is fast, automatic response to a stimulus





Reflex actions are a very useful way of responding to danger, such as the touch of a very hot object on the skin





action potential


(nerve impulse)


arrives at axon terminal of pre-synaptic neurone





Complementary


to neurotransmitter





Impulse causes opening of voltage-gated Ca channels.  Ca ions enter by facilitated diffusion through open calcium ion channels





Ca ions pumped out again by active transport








action potential


(nerve impulse) initiated in post-synaptic neurone





Ca2+





Neurotransmitter diffuses cross synaptic cleft (gap and binds to receptor on postsynaptic membrane





Causes depolarisation (action potential) - if threshold is reached





Certain chemicals in the body are "electrically-charged" -- they are called ions. The important ions that are involved in the nervous system are:





		Sodium - Na+ 


		Potassium - K+


		Calcium - Ca2+


		Chloride - Cl-





Nerve cells (neurones) are surrounded by a membrane that allows some ions to pass through and blocks the passage of other ions, using various mechanisms - this type of membrane is called semi-permeable





The unequal distribution of ions results in a potential difference across the membrane











At rest, there are relatively more sodium ions outside the neuron and more potassium ions inside the neuron – maintained by the Na/K pump





ATP is NOT directly required to cause the action potential – but is required for the Na/K pumps that maintain the resting potential. 





The pumps maintain the electrochemical gradients for Na and K so that Na can diffuse in passively when required to produce the action potential 





The membrane is more permeable to K compared to Na – therefore K ions tend to diffuse out rapidly down their concentration gradient, through K ion channels.  Na ions  diffuse in slowly through Na ion channels, down their concentration gradient





























The inside of the neurone also contains negatively charged organic ions.  The inside is therefore maintained at a negative potential to the outside.  The membrane is said to be polarised.





Finally, when all these ionic forces balance out, and the difference in the voltage between the inside and outside of the neuron is measured, a resting membrane potential is generated. 





The resting membrane potential of a neuron is about minus 65 mV (millivolt) - this means that the inside of the neuron is 65 mV less than the outside – sometimes quoted as – 70 mV











- 65 mV





Stimulus excites the neurone cell membrane


Causes Na ion channels to open


Na ions diffuse into the neurone down the Na ion electrochemical gradient 


Inside of axon becomes less negative





Depolarisation occurs if the potential difference reaches the threshold (~ - 55 mV)


Voltage-gated Na ion channels open - more Na ions diffuse into the neurone – an action potential occurs – potential difference inside membrane reaches +30 mV


If the neuron does not reach the critical threshold level (potential , then no action potential will be initiated





Repolarisation – at a potential difference of about + 30 mV,


The voltage-gated Na ion channels close and voltage-gated K ion channels open - K ions diffuse out of he neurone down the K ion concentration gradient


The membrane starts to return to its resting potential





Hyperpolarisation 


K ion channels are slow to close, so there is a slight overshoot where too many K ions diffuse out. 


The potential difference becomes more negative than the resting potential (i.e. less than  -70 mV)





Resting potential – the ion channels are reset


The Na-K pump returns the membrane to its resting potential (- 70 mV) and maintains it until the membrane is excited by another stimulus





The action potential is result of the potential difference across the neurone membrane being reversed - from about -70 mV to about +30 mV – this is the action potential





At about + 30 mV, the membrane becomes less permeable to Na ions as the voltage-gated Na ion channels close





At the same time, the permeability to K ions increase as the voltage-gated K ion channels open – causing K ions to rush out of the cell, reversing the depolarization. 





This causes the action potential to go back towards the resting potential of  - 70 mV - a repolarisation





The action potential actually goes past -70 mV to -90 mV (a hyperpolarisation) for a brief time, because the K channels are slow to close and stay open a bit too long - the membrane is still permeable to K ions.





The K gates close and the resting level of permeability are re-established for K and Na due to the action of the Na/K pump





Gradually, the ion concentrations go back to resting levels and the potential difference across 


	the neurone membrane returns to - -70 mV, the resting potential





An action potential is only initiated if the depolarisation caused by the stimulus reaches the threshold potential (- 55 mV)





Qs 9





The diagram below shows changes in potential difference across the membrane of a mammalian neurone during an action potential.





Describe how movements of sodium and potassium ions across the membrane of a neurone produce an action potential











  
















































































Depolarisation (+30 mV (approx)


Voltage –gated Na channels close


Voltage-gated K channels open





Depolarisation


Na ions diffuse into neurone (axon) though voltage-gated Na channels





Repolarisation


K ions diffuse into neurone (axon) though voltage-gated K ion channels





Resting potential (-65 mV / -70 mV) 


Achieved and maintained by energy (ATP) requiring Na / K pump








Hyperpolaristion (up to - 90 mV)


Overshoot of repolaristion 





Axon membrane contains sodium and potassium pump


	


   Pumps 3 Na ions out and 2 K ions in – requires ATP





A	Resting potential


Voltage-gated Na/K channels closed


Axoplasm (inside) has low Na and high K


Tissue fluid (outside) has high Na and low K


Membrane potential Inside is negative with respect to outside by -65 mV





B	Stimulus


Causes voltage gated Na channels to open


Na ions diffuse into neurone to depolarise the axon membrane 


Causes more Na channels to open – positive feedback


	


C	Action potential


Na/K pump is temporarily shut


Membrane potential reaches +40 mV





D 	Repolarisation	


Na channels close


Voltage-gated K channels open


K ions move out of neurone


Causes repolarisation of membrane





E	Hyperpolarisation (refractory period) - undershoot


More negative than resting potential – up to


 - 90 mV


Overshoots, due to excess K ions entering axon – due to K channels remaining open for a longer time – channels are slow to shut


K channels close


	Na/K pump restores resting potential to -65 mV








During E, the neurone is in a refractory (recovering) period – i.e. it cannot be stimulated to generate an AP until the Na/K pump restores the potential to a resting value of about -65 mV





The refractory period also ensures a one-way transmission, since the neurone can only be depolarised ahead of the action potential











If an action potential is travelling from one direction from a point of stimulation, a “new” action potential is only generated ahead of it and not behind it.  





This is because the region behind it will still be recovering from the action potential it has just had and its distribution of Na and K ions will not be back to normal. 





It is therefore incapable of producing a new action potential for a short time – this is known as the refractory period (4-8 ms) – this imposes an upper limit on the frequency of impulses. 





The refractory period ensures impulses pass in one direction along an axon – pass from active region to a resting region and cannot “double back”.





The rods and cones in the retina are photoreceptors – they are stimulated by light





Rubbing the eyes will cause a person to see “light and dark” patterns– since the stimulus (pressure), causes photoreceptors to generate action potentials in the optic nerve – interpreted as “light and dark” by the brain





Neurones may be myelinated or non-myelinated – approximately one-third of sensory and motor neurones are myelinated





Myelinated neurones are covered with a myelin sheath – the sheath is an electrical insulator, containing myelin (a lipid) and proteins





The myelin sheath is formed by Schwann cells wrapping themselves around neurones, enclosing the axon in many layers of its plasma membrane 





The uncovered areas of the axon between Schwann cells are called nodes of Ranvier - occurring about every 1-3 mm in human neurones – each node being 2-3 um long








Myelinated





Unmyelinated





The presence of the myelin sheath in myelinated neurones speeds up the rate at which action potentials travel by insulating the axon membrane





Speed of conduction





Myelinated neurones	~ 120 m/s	Non-myelinated neurones ~ 0.5 m/s





The diameter of an axon also affects the speed of conduction – thicker axons transmit faster than thinner ones





Na and K ions cannot flow through the  parts of the axon covered by the myelin sheath –  depolarisation cannot occur through myelin





There are fewer ion channels in myelinated regions





Depolarisation(action potential) only occurs  at the nodes of Ranvier – where ions are able to pass through the membrane, using Na/K pumps and facilitated diffusion

































































Local circuits are set up between nodes of Ranvier
































The action potential  “jumps” from one node to the next - termed saltatory (“jumping”) conduction 






























































Increase in temperature speeds up transmission – ions have higher kinetic energy – causing a faster rate of diffusion of Na ions into the axon to cause an action potential





Homoeothermic (warm-blooded) animals have faster responses than poikilothermic (cold-blooded) ones.





A low Na concentration reduces rate of diffusion – slows down formation of the action potential





RP = Resting potential


ReP = Refractory (recovery) period


AP = Action potential








Depolarisation 





Stimulus (impulse) causes depolarisation at threshold potential to generate an action potential, only at the nodes





Action potential “jumps” to next node – termed “saltatory” conduction





 














Node of Ranvier





Recovery – refractory period





An action potential cannot be generated during the recovery period





Contain many mitochondria – involvement of ATP (energy) –required for





Movement of vesicles





Synthesis of the neurotransmitter (acetylcholine, ACh) in cholinergic synapses





Re-uptake mechanism of choline and acetate from the synaptic cleft- ACh is hydrolysed to choline and acetate, by the enzyme acetylcholinesterase, in the synaptic cleft





Large amount of smooth endoplasmic reticulum – secretory activity





Vesicles – filled with the neurotransmitter acetylcholine 





Voltage-gated Ca ion channels





Excitatory Ion Channel Synapses		Postsynaptic receptors are sodium channels. 


Typical neurotransmitters are acetylcholine, glutamate or aspartate.





Inhibitory Ion Channel Synapses 	Postsynaptic receptors are chloride channels. When the channels open, negative ions flow in causing a local hyperpolarisation and making an action potential less likely. So with these synapses an impulse in one neurone can inhibit an impulse in the next. Typical neurotransmitters are glycine or GABA.





	Non Channel Synapses 	Receptors are not channels, but are membrane-bound enzymes. When activated by the neurotransmitter, they catalyse the production of a “messenger chemical” inside the cell, which in turn can affect many aspects of the cell’s metabolism. They alter the number and sensitivity of the ion channel receptors in the same cell. These synapses are involved in slow and long-lasting responses like learning and memory. Typical neurotransmitters are adrenaline, noradrenaline, dopamine, serotonin, endorphin, angiotensin, and acetylcholine.





Neuromuscular Junctions 	These are the synapses formed between motor neurones and muscle cells. They neurotransmitter is always acetylcholine, and are always excitatory.  Motor neurones also form specialised synapses with secretory cells.





Electrical Synapses 	The membranes of the presynaptic and postsynaptic membrane actually touch, and they share proteins. This allows the action potential to pass directly from one membrane to the next. They are very fast, but are quite rare, found only in the heart and the eye





Action potential arrives at the synaptic knob (pre synaptic membrane)





Causes opening of voltage-gated calcium ion channels





Ca ions diffuse into the synaptic knob





Ca ions cause the movement of vesicles containing acetylcholine to move to and fuse with the presynaptic membrane





Acetylcholine is released into the synaptic cleft by exocytosis  and diffuses across the cleft to the post synaptic membrane





Requires ATP





Acetylcholine molecules bind temporarily with specific complementary ACh receptors on ligand-gated sodium ion channels





Na ion channels open to allow Na ions to flood into the postsynaptic neurone by diffusion





Post synaptic membrane becomes depolarised





An excitatory post synaptic potentials (EPSP) is created





If the EPSP reaches the threshold, an action potential is fired in the postsynaptic membrane





Action potential is conducted through the post synaptic neurone





Acetylcholine is hydrolysed into choline and ethanoic acid by the enzyme acetylcholinesterase





Norepinephrine (noradrenaline) – in the CNS and PNS


Affects arousal, wakefulness, learning, memory, and mood





Acetylcholine (ACh) – in the CNS and the PNS


Distributed widely throughout the central and peripheral nervous system


Involved in arousal, attention, memory, motivation, and movement; 


Involved in muscle action through presence at the neuromuscular junction 


Degeneration of neurons that produce ACh has been linked to Alzheimer’s disease. 


Too much can lead to spasms and tremors; too little, to paralysis or torpor (a state of mental and physical inactivity)





GABA (Gamma amino butyric acid) - in the CNS


A largely inhibitory neurotransmitter distributed widely throughout the central nervous system


Implicated in sleep and eating disorders


Low levels of GABA have also been linked to extreme anxiety








Serotonin - in the CNS


Involved in, the regulation of sleep, dreaming, mood, eating, pain, and aggressive behaviour. Implicated in depression





Endorphins - in the CNS


Involved in the inhibition of pain


Released during strenuous exercise - may be responsible for “runner’s high.”





Dopamine – in the CNS


Involved in a wide variety of behaviours and emotions, including pleasure


Implicated in schizophrenia and Parkinson’s disease





Neural synapses connect two neurones together – neurones form synaptic junctions with the cell body of other neurones





Synapses between neurones and effectors (muscles and glands) are termed neuro-effector junctions – e.g. the neuromuscular junction (NMJ) – a junction between a motor neurone and muscle cells





Synapses slow down the rate of transmission of a nerve impulse





Ensure a one-way transmission – enables signals to be directed towards specific targets, rather than spreading randomly 





Only the synaptic bulb (pre-synaptic) contains vesicles containing the neurotransmitter 





Only the postsynaptic membrane has the receptors for the neurotransmitter





Neurotransmitter crosses the cleft by diffusion – down a concentration gradient – from presynaptic neurone to post synaptic neurone


 


Transmission is more controlled - avoids impulses spreading – which could be inefficient and dangerous





Increase range of actions in response to a stimulus – allow interconnections (“junctions”) of many nerve pathways – important in behaviour





Memory and learning – synaptic plasticity – stimuli cause the formation of numerous new synapses and complex neural networks, which change over time 





Synaptic plasticity is the physical basis of learning and memory





Acclimatisation





Filter out unwanted low-level signals 





Many low-level stimuli are filtered out





Only small amounts of neurotransmitter released with low level stimuli – not enough to cause an action potential in postsynaptic neurone





Prevents nervous system from being overloaded, wasting energy, and to concentrate on more important stimuli





Prevent neural fatigue





Synapses prevent overstimulation





Repetitive stimulation causes the supply of neurotransmitter to be exhausted – cannot be recycled fast enough





Summation at synapses enables fine tuning of the nervous response – enabling appropriate and coordinated responses 





Create nervous pathways (neural networks)





Allow some neurones to connect to many other neurones, to create nerve pathways for transmission and integration of information





Two types of pathways are recognised – convergent and divergent





Temporal summation





A single presynaptic bulb fires a number of times in rapid succession with neurotransmitter released each time – causing a build up of neurotransmitter





Effect of neurotransmitter released on repeated stimulation is added together to initiate an action potential in the postsynaptic neurone


























Spatial summation





A number of presynaptic neurones converge onto and form synapses with a single postsynaptic neurone





Effect of neurotransmitter released from many neurones is added together to initiate an action 


potential in the postsynaptic neurone





RP = resting potential


AP = action potential


T = threshold


t = time








Temporal summation


A pre-synaptic neurone depolarises the post synaptic membrane with a number of rapid stimulations.





A high frequency of action potentials arrives at the synapse. 





This sends a number of waves of neurotransmitter to depolarise the post synaptic membrane.





Spatial summation





Different pre-synaptic neurones stimulate one post synaptic neurone





They ‘add together’ their local depolarisation's to reach threshold at the axon hillock of the post synaptic neurone








Synaptic divergence





One pre-synaptic neurone diverges to several postsynaptic neurones








Synaptic convergence





Several pre-synaptic neurons converge on to one postsynaptic neurone





Allow signals from different parts of the nervous system to create the same effect – e.g. several stimuli involved in warning of danger





Information amplification





Achieved through synaptic convergence





Many neurones connect to one neurone








Information dispersal





Achieved through synaptic divergence





One neurone connects to many neurones 





Allows one signal to be transmitted to several parts of the nervous system








Convergence – e.g.  retinal convergence





Many neurones (from rod cells) connect to one neurone





Information can be amplified (made stronger)








Light





Eye - LS





Clinical use	Treatment of paralysis of eyelids – injections of toxin into eyelid muscle causes relaxation and opening of eyes





Cosmetic use	Injections work by weakening or paralyzing certain muscles or by blocking certain nerves  





Botox blocks the release of the neurotransmitter acetylcholine, thereby inhibiting the muscle contractions that cause frown lines (caused by overactive glabellar muscles)
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Communication, Homeostasis and Energy





Module 1





Communication and Homeostasis





4.1.2 Nerves





Qs 1





The cells of the body need to communicate with each other





The electron micrograph shows the junction between two neurones

































































State the name given to the gap between the two neurons at this junction





Outline how the first neurone communicates with the second neurone across the gap





Outline the importance of the junctions between neurones in the functioning of the nervous system








The nervous system and the hormonal system are involved in the maintenance of core body temperature





Give the most suitable word or term that has the same meaning as each of the following descriptions:








Animals that are able to regulate and maintain their body temperature within narrow limits


	


The increase in diameter of the lumen of an arteriole to allow more blood to flow through





Name a hormone that increases the metabolic rate and so generates heat





Name the part of the brain where the thermoregulatory centre is located








Ans 1





Synaptic (cleft /space / gap)








Cell signaling





(named) neurotransmitter / acetylcholine , released from pre-synaptic / first , cell / membrane ; 


diffuses across , gap / cleft / synaptic cleft 





or 





reaches second , neurone / cell / membrane , by diffusion ; 





attaches to, receptors / binding sites of sodium channels, on post-synaptic membrane / membrane of second cell ; 





neurotransmitter / acetylcholine , broken down (in cleft) ; 








ensures movement of , impulse / action potential ,  in one direction (only) ; 





integration 





 or 





 	one neurone can , connect to / receive impulses from / transmit impulses to, many neurones ; 





 allows summation ; 





 idea that filters out , ‘background’ / low level , stimuli 





or 





 	ensures that only stimulation that is strong enough  will be passed on;








endotherm (s)








vasodilation








thyroxine / adrenaline / epinephrine








hypothalamus








Qs 2





The figure represents the end region of a neurone at a cholinergic synapse

































































Describe the function of structure A








Name the process by which acetylcholine leaves the neurone shown in the figure








Name the process by which acetylcholine travels across the synaptic cleft








A feature of synapses is that they allow transmission in only one direction





State how this is achieved








The chemical nature of synaptic transmission makes it susceptible to disruption by toxins





Atropine is a toxin produced by the deadly nightshade plant, Atropa belladonna.  Atropine is a similar shape to acetylcholine.  The presence of atropine prevents the initiation of an action potential in the post-synaptic neurone





Explain how the presence of atropine in the in the synapse will prevents the initiation of an action potential 








Nerve gases have been used as chemical weapons.  Some nerve gases act by inhibiting acetylcholinesterase, prolonging the effect of acetylcholine





Suggest how atropine could act as an antidote to nerve gas








Ans 2





structure A / Schwann cell / it , produces myelin ; 





(electrical) insulation / insulates ; prevents movement of ions , into / out of , neurone / axon 





or 





prevents depolarisation ;





speeds up , conduction / transmission / passage , of ,impulse / action potential ;





action potentials / local circuits / depolarisation / only occur at , gaps / nodes (of Ranvier) ; saltatory conduction / described ;





impulse jumps from , node to node / gap to gap = ‘saltatory conduction’ 








exocytosis








diffusion








idea that only the presynaptic neurone , produces / releases / contains , acetylcholine / ACh / (neuro)transmitter ;





only the presynaptic membrane has,  Ca2+ / calcium (ion) , channels ;





idea that only the postsynaptic , membrane / neurone , has (ACh) receptors ; 





ACh broken down at postsynaptic membrane ;








idea that atropine , binds to / occupies / competes for ,(ACh) receptor on postsynaptic ,membrane / neurone: 





idea that prevents ACh binding / blocks binding site / blocks receptor ; 





ion gates / ion channels / sodium channels / 





protein channels , do not open / remain closed; Na+ cannot enter / K+ cannot leave , neurone / (nerve) cell ; 





no / insufficient , depolarisation / postsynaptic potential /  excitatory postsynaptic potential / excitatory post synaptic potential (epsp  / generator potential ;





(so) does not reach threshold (value / potential) ;








idea that will , bind to / occupy / compete for / block , (some of ACh) receptors ; 





so acetylcholine / ACh , cannot bind / less likely to bind  (to receptor / to postsynaptic membrane) ; 





prevents / reduces ,constant stimulation / overstimulation /  constant depolarisation , of postsynaptic neurone 





or 





prevents / reduces , constant firing of action potentials / tetanus / (muscle) spasm ;





 effective if administered soon after  exposure 





 cannot counteract inhibition of  acetylcholinesterase














Qs 3





The figure is trace that shows the changes that occur in the membrane potential of a neurone during the generation of an action potential






























































Using the letters A to F, indicate the point or points on the trace which correspond to the following:








Hyperpolarization








Resting potential








The membrane is most permeable to potassium ions








Depolarisation








Puffer fish, Fugi spp produce a powerful poison, tetradotoxin, and some species store it in high concentrations in their body tissues.  Unless these fish are correctly prepared, eating them can be fatal





Tetradotoxin is poisonous to humans because it blocks gated sodium channels in cell membranes, preventing action potentials.  This does not happen in the fish themselves








With reference to the figure, identify, using the appropriate letter, the part of the action potential trace that will be affected by tetradotoxin








Suggest why tetradotoxin is not toxic to the puffer fish











Ans 3





E - hyperpolaristion








A and F -  resting potential








D – most permeable to K ions








B - depolarisation








B








channel / receptor / ion , is different ; 





 idea that toxin confined to , organelle / organ / part of the body 





toxin not , in general circulation /  (circulated) in blood 





toxin stored in inactive form 





contains a compound that neutralises toxin 
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The diagram below shows a section through the human brain.


















































Using a cross (X), indicate the regions of the brain W, X, Y or Z that are most involved in the activities listed in the table





















































The diagram below shows changes in potential difference across the membrane of a neurone during an action potential.



























































b	Describe the events that begin the depolarisation of the membrane of a neurone








									Qs 4 continues ……………





c	Complete the table below to show which ions are able to move across the membrane at positions A and D shown in the diagram.





Put a cross in the box if the membrane is permeable to the ion.
































d	Give an explanation for the movement of ions at position C on the diagram.





Ans 4






































b	


1. depolarisation of adjacent {membrane / eq} ;


2. changes PD across membrane / eq ;


3. opens sodium {gates / eq} ;


4. sodium ions move into (the neurone) ;








c	Position on diagram		Permeable to sodium ions	Permeable to potassium ions





		A				X





		D								X


d


1. correct {reference to / description of} diffusion gradient (of potassium ions) ;


2. correct {reference to / description of} electrochemical gradient ;


3. increased permeability (of membrane) to potassium ions / eq ;


4. reference to potassium {gates / eq} open / eq ;


5. reference to sodium {gates / eq} closed / eq ;





e


1. PD less negative / eq


2. idea that the membrane remains permeable to potassium ions ;


3. potassium ions {move because of charge difference /eq} ;


4. into {nerve cell / neurone / axon / eq} ;


5. idea that potassium ion is removing a positive charge(from the outside) ;


6. idea that equilibrium is established e.g. diffusion gradient balanced by potential difference ;











Qs 6





The figure represents part of the axon of a neurone





























Describe the structure of the feature labelled A











The table shows details of the diameter and speed of conduction of conduction of impulse along the neurones of different animal taxa





















































Using only the data in the table, describe the effect of each of the following on the speed of conduction:








Myelination








Axon diameter 








The speed of conduction of a nerve impulse is also affected by temperature





Suggest why an increase in temperature results in an increase in the speed of conduction








As the temperature continues to increase, it reaches a point at which the conduction of the impulse ceases.  





Suggest why








Outline the events following the arrival of an action potential at the synaptic knob until the acetylcholine has been released into the synapse
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myelin / myelinated / lipid / fatty (sheath);





(Schwann cell, wrapped around / surrounds, axon


	


except at nodes of Ranvier / (sheath) not continuous ‘presence of gaps in sheath








(myelination produces) greater speeds





unmyelinated needs larger diameter to produce same speed





comparative figures, all with units, to support – either the general trend or the exception to the trend with the mollusk








larger axon diameter produces greater speeds





comparative figures, all with units to support








increased kinetic energy / KE so,





ions diffuse across (axon) membrane into neurone more quickly





or





faster movement of (neurotransmitter) vesicles / exocytosis (of neurotransmitter), or,





neurotransmitter (ACh) broken down by enzyme (acetylcholinesterase) more quickly, or,





	faster diffusion of ions leads to faster depolarization





	or





	Shorter duration of action potential, or, 





	shorter refractory period, or, 





	faster repolarisation








ion, channels / pumps disrupted / denatured / no longer function





fluidity of, membrane / phospholipid / bilayer, disrupted





synaptic enzymes (e.g. acetylcholinesterase) denatured








calcium channels open





Ca2+ / calcium ions, enter / diffuse into synaptic knob





Acetylcholine / Ach / neurotransmitter, in vesicle (s)





Synaptic vesicles move towards presynaptic membrane





Vesicles fuse with membrane





Release Ach, by exocytosis, into synaptic cleft





Qs 7





Receptors are often described as biological transducers, structures which convert energy from one form into another





Explain how receptors in mammals convert energy into action potentials.  Use named examples of receptors in your answers





Ans 7





rods / cones / retina / photoreceptors, detect light





taste buds / olfactory cells / chemoreceptors, detect chemicals





Pacinian / Meissner’s corpuscle / mechanoreceptors, detect pressure / touch





Ruffini’s endings in skin, thermoreceptors, detect temperature changes





proprioreceptors / stretch receptors in muscle, detect mechanical displacement





hair cells, in semicircular canals detect movement





hair cells / stereocilia, in cochlea detect sound





baroreceptors detect blood pressure changes





osmoreceptors detect changes in blood water potential





stimulus caused sodium channels to open





Sodium ions enter cell





Caused depolarisation by generating a receptor potential / generator potential





Action potential generated if above threshold potential





Increased stimulus leads to increased frequency of action potentials











Qs 8 





ATP is used by nerve cells so that they are able to transmit nerve impulses





Explain how TP enables nerve cells to transmit impulses





Ans 8





Sodium and potassium pump - potassium ions in and sodium ions out


(3 sodium ions for 2 potassium ions


Helps to, maintain / restore, resting potential


Synthesis of acetylcholine, from choline and ethanoic acid


Recycling, of neurotransmitter


Synthesis of acetylcholine receptors


Movement of vesicles


Active transport of calcium out of neurone








Ans 9





A	Resting potential (RP)


	Na and K channels closed


Na/K pump maintains RP – 3 Na out / 2 Na in


inside negative relative to outside (-65 mV)





B	action potential 


	Voltage-gated Na channels open 


	Progressively more Na channels open – positive feedback


Na ions move into neurone down a concentration gradient 


Need to reach -55 mV (threshold) to fire an action potential


	


C 	Peak at +40 mV 


	Voltage-gated Na channels close


	Voltage-gated K channels open	





D	Repolarisation


	K ions move out of neurone through open K channels


	Causes repolarisation  





E	Hyperpolarisation /refractory period


	More negative than resting potential


	Overshoots due to excess K ions


	K channels close


	Na/K pump restores resting potential to -65 mV





During E, the neurone is in a refractory period – i.e. it cannot be stimulated to generate an AP until the Na/K pump restores the potential to a resting value of -65 mV





Qs 10





Describe the effects of botulinum toxin on nerve transmission  the synapse





Ans 9





Inhibit acetylcholine (ACh) synthesis 


Block Ch secretion / reduce number of vesicles


Prevent uptake of calcium ions (into synaptic bulb


No ACh crosses gap / no ACh to bind to receptor


Therefore, no action potential in postsynaptic neurone





Block receptors on (postsynaptic membrane)


Block Na ion channels


Hyperpolaristion / threshold not reached


No action potential





Inhibit acetylcholine esterase


No removal of ACh from receptors


No repolarisation of post synaptic membrane











Depolarisation





Hyperpolarisation





Repolarisation





Depolarised region


(node of Ranvier)
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Describe the role of calcium ions at the synapse








Q11








The black mamba is a poisonous snake. Its poison contains a toxin.





The black mamba’s toxin kills prey by preventing their breathing. It does this by inhibiting the  enzyme acetylcholinesterase at neuromuscular junctions. 





Explain how this prevents breathing.





Ans 11 





1. Acetylcholine not broken down / stays bound to receptor; 





2. Na+ ions (continue to) enter / (continued) depolarisation / Na+ channels (kept) open / action potentials/impulses fired (continuously); 





3. (Intercostal) muscles stay contracted / cannot relax; 





Q12





Synapses are unidirectional. 





Explain how acetylcholine contributes to a synapse being unidirectional





Ans 12





 (Acetylcholine) released from/in presynaptic side





Diffusion from higher concentration/to lower concentration; 





3. Receptors in postsynaptic (side) / binds on postsynaptic (side); 
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Action potential stimulates calcium channels to open


Calcium enters (from extracellular fluid)


Stimulates vesicles of ACh to move towards presynaptic membrane


(and) fuse with presynaptic membrane


Release / exocytosis, of ACh


Into synaptic cleft





Ans 5





attacked by the body’s (own) immune system ; 





(immune system) mistakes / treats / recognises , body cells / neurones / myelin , as, ‘foreign’ / non self ;





correct ref. to , antibodies / (named) phagocytes /  (named) B lymphocytes / (named) T lymphocytes ;





(damage to) myelin / sheath / Schwann cell(s) ; 





removes / has less , insulation ; 





interferes with / slows / stops , conduction of , (nerve) impulse / action potential 





or 





slows / stops / prevents , saltatory conduction / described ;





occurs, in sensory neurones /  towards brain / towards CNS /  from sensory organ / from receptor





(without sheath) transmission slows down





Qs 5





Some degenerative diseases, such as multiple sclerosis, are caused by a breakdown of the myelin sheath





Explain the effect that the breakdown of the myelin sheath will have on the transmission of nerve impulses





1





2





4





3





Ca ions causes vesicle to move and fuse with presynaptic membrane





Vesicles release (secrete) neurotransmitter molecules into cleft by exocytosis


-  involves the cytoskeleton





5





Ans 13





E - synaptic cleft / synapse / synaptic gap; 


F - postsynaptic membrane; 


G - bouton terminal / synaptic knob / synaptic bulb / end button; 


H – vesicles / acetylcholine / ACh / (named) transmitter substance; 





depolarisation / action potential / sodium channels open, of presynaptic 


membrane / axon / cell A; R impulse 


increased permeability to calcium ions / calcium channels open; 


calcium ions enter; 


(	calcium ions cause) vesicles to fuse with, membrane / exocytosis; 


acetylcholine / Ach / neurotransmitter, released into cleft; 


diffusion across gap; 


binds to receptors / proteins; 


on post synaptic membrane; 


opening of sodium ion channels; R if ref to potassium channels opening at 


same time 


causes depolarization / sodium ions enter neurone; 


if reaches threshold value; 


an action potential is fired; R impulse is fired 


ref to role of mitochondria / ATP; 


AVP; e.g. details on channels or large calcium gradient





electrical resistance / insulation; 


impermeable to sodium / potassium ions; 


ref to nodes as sites of depolarisation / movement of sodium and potassium ions; 


saltatory conduction / jumps from node to node / increased lengths of 


local circuits; 


fast conduction; 





action potential is fixed in, size / amplitude ; 


either produced in full as result of stimulus greater than threshold or not at all; 














Qs 13





The diagram represents the relationship between parts of two nerve cells (neurones)





















































Name E to H





Describe how a nerve impulse passes from cell A to cell B





Explain the importance of the myelin sheath in the transmission of a nerve impulse





Explain what is meant by the “all or nothing” response of a neurone to a stimulus
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The diagram illustrates a spinal reflex arc


















































Identify the structures labelled P to S





Explain how synapses determine the direction of nerve impulse transmission in the reflex arc shown above
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P – sensory / afferent, neurone; A dendron R references to nerve 


Q – cell body / nucleus / centron; 


R – intermediate / relay / internuncial / connector, neurone; interneurone


S – motor / effector / efferent , neurone;  axon Ch is acceptable as neurotransmitter for parts (b) and (








vesicles / ACh found in, synaptic knob / presynaptic neurone; 


neurotransmitter / named neurotransmitter, released from presynaptic membrane; 


receptor / sodium channels, on post synaptic membrane; 


diffusion of neurotransmitter, in one direction only / from P to R / from R to S / ref to concentration gradient; 





Qs 15





The nervous system is made up of a number of different types of neurone, which transmit electrical impulses





Complete the table by stating three differenc3es in the structure of motor and sensory neurones















































Complete the following passage, using the most appropriate term(s) in each case





When an impulse is not passing along a neurone, a resting potential of ……………. mV is established.  





When the neurone is stimulated, it causes ………………………………………..  of the cell surface membrane.  





This will not generate an action potential unless it is large enough to exceed the ……………………………





………………………………………………  .  A neurone will either conduct an action potential or not; this is 





described as the ………… - ……… - …………… law.  Action potentials have the same …………………………… .  





The only way in which the intensity of a stimulus can be interpreted is by the ……………………… of the 





action potential.
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– 60 to - 70 


depolarisation


	threshold potential / threshold value


	all-or-no�������������thing


	size / magnitude


	frequency








A stimulus causes the resting potential to move toward 0 mV from - 70 mV (the resting potential) – i.e. to a more positive value. 





When the depolarization reaches a threshold potential of about -55 mV, the neuron fires an action potential.   If the neuron does not reach this critical threshold level, then no action potential will fired. 





Also, when the threshold level is reached, an action potential of a fixed size will always fire.  For any given neuron, the size of the action potential is always the same. about + 30 mV - therefore, all action potentials are the same size – there are no big or small action potentials in one nerve cell 





Therefore, the neuron either does not reach the threshold, or, a full action potential is fired - this is the "ALL OR NONE" principle. 





Action potentials (depolarisations) are caused by an exchange of ions across the neuron membrane.





A stimulus first causes the gates of the voltage-gated Na ion channels (Na channel proteins) to open. 





Because there are many more sodium ions on the outside, and the inside of the neuron is negative relative to the outside, there is a rapid diffusion of Na ions into the axon down an electrochemical gradient - Na ions rush into the neuron. 





Na has a positive charge, so the inside of the neuron becomes more positive and becomes depolarized





The depolarisation causes even more Na gates to open and even more Na ions to enter – positive feedback





Voltage-gated Na ion channels CLOSE


(+ 30 mV)





Threshold


Voltage-gated Na ion channels OPEN


(- 55 mV)





Voltage-gated


K channels OPEN





RP (- 70 mV)


Maintained by Na/K pump





K channels CLOSE





After an action potential, the membrane cannot be excited  again straight away





The ion channels are recovering and cannot be made to open





Na ion channels are closed during repolarisation





K ion channels are closed during hyperpolarisation





The period of recovery is called the refractory period





Qs 17





Mammals rely on nerves to transfer information in the form of electrical impulses





Using the information shown in the diagram below, outline how impulses are transmitted from receptor to effector

























































































Qs 16





The Figure represents some of the changes that occur across the membrane of the axon.  Three protein complexes are shown to be present in the membrane





Sodium channels


Potassium channels


Sodium-potassium pumps






























































The Figure below shows the change of membrane potential associated with an action potential












































State which of the three diagrams of the axon membrane in Figure 1 match up to the phases labelled in Figure 2.  Write your answers in the table  below





























With reference to Figure 1, explain the changes in membrane potential in Figure 2








In order to transfer information from one point to another in the nervous system, it is necessary that action potentials be transmitted along axons.  In humans, the rate of transmission is 0.5 ms-1 in a nonmyelinated neurone, increasing to 100 ms-1 in myelinated neurones





Explain how action potentials are transmitted along a nonmyelinated neurone and describe which parts of this process are different in myelinated neurones





Photoreceptors – rods and cones in the eye
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A = 3





B = 2





C = 1








A	Voltage-gated Na channels open;


Sodium ions enter axon;


		Positive feedback / more sodium channels open;


		Depolarisation / description of depolarisation


		Membrane potential reaches +40 mV


		Sodium channels close





	B	(Voltage-gated potassium channels open


		Potassium (ions move out of axon


		Positive feedback / more potassium channels open


		Repolarisation /description of depolarisation


		Beyond -65 mV (- 70 mV / hyperpolarisation





	C	Na/ K pump (helps to  , restore / maintain, resting potential


		Membrane more permeable to potassium ions (at resting potential 


		








	Sodium ions (inside axon , move / diffuse towards, resting / negative region


		Causes, depolarisation of this region / change of potential difference to reach threshold value


		More sodium channels open


		Sodium ions move into axon


		Local circuits established


One way transmission occurs, due to axon behind the action potential recovering (in refractory period





		Myelin sheath / Schwann cells insulate neurone


		Depolarisation cannot occur through myelin


		Impermeable to ions (Na+ and K+ 


		Permeable only at nodes of Ranvier


		Local circuits are longer


		Saltatory conduction – action potential “jumps” from node to node


		Fewer (Na+ and K+ ion channels in myelinated regions


		Distance between nodes is 1-3 mm
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Change in receptor (e.g. pressure creates, receptor potential / generator potential


If potential is greater than threshold value, depolarisation of, axon / sensory neurone / afferent neurone, occurs


Axon potential is initiated


Myelin sheath and nodes of Ranvier in myelinated neurones, speeds up conduction due to saltatory conduction – action potential travels from node to node


Synapse between sensory and motor neurone


Action potential causes vesicles (containing the neurotransmitter acetylcholine to fuse with presynaptic membrane and release neurotransmitter by exocytosis 


Involves influx of calcium ions in to neurone 


Neurotransmitter diffuses cross synaptic cleft (gap


Binds with complementary receptors on postsynaptic membrane


Causes depolarisation of postsynaptic membrane (motor neurone


Synapse between motor neurone and skeletal muscle (neuromuscular junction


Neurotransmitter released from motor neurone by exocytosis
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The diagram shows a reflex arc which results in the lower leg being kicked forwards




































































State the common name for the reflex action shown in the diagram





Draw two arrows on the diagram to show the direction of nerve conduction





Describe the role of neurone X in this reflex arc





Simple human reflex actions, such as the one shown in the diagram are examples of innate behaviour





Explain the meaning of the term innate





It has been estimated that osteoporosis related bone fractures will have occurred in 33% of all women, by the time they reach the age of 70.  However, only 8.5% of men will have suffered such fractures by the same age





Explain what is meant by the term osteoporosis
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Knee jerk





One arrow along sensory neurone from stretch receptor to spinal cord and one arrow from cord to thigh muscle





Sensory


Conducts impulses from stretch receptor when stimulated by blow / stretch receptor to motor neurone / spinal cord





Present at birth genetically determined 


No learning required





Loss of bone tissue / mass


Bone becomes more brittle / more prone to fractures
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The diagram is of a reflex arc, showing a finger being stimulated by a sharp object












































Draw two labelled arrows on the diagram to show the conduction of nerve impulses into and out of the spinal cord





Describe the sequence of events that occurs in the receptor cell and the sensory neurone following stimulation by the pin





State an advantage and a disadvantage of such a reflex
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Arrows correctly drawn ; A arrowheads on existing lines








Allow chemical symbol for sodium but must have correct charge, although penalise only once 





(sodium / potassium) ion channels, opened / deformed, in receptor / receptor membrane more 


permeable ; 


sodium ions enter ; entry of potassium negates mark 


ref to positive feedback ; 


depolarisation / description of changes in electrical potential ; 


receptor / generator, potential ; 


size of depolarisation / receptor potential, depends upon, strength of stimulus / pressure from pin / 


number of channels open / 


amount of sodium entering ; 


if change in potential, large enough / reaches threshold ; 


action potential is produced ; 


travels along, (sensory) neurone / axon / dendron ;








Advantage 


Faster (response)  





Disadvantage 


Less chance of modifying response (by brain) / fewer possible (variety) of responses
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