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Neurones: Function & Structure

Neurones: Function & Structure

T he nervous system

The human nervo us system co nsists o f:

Central nervo us system (CNS) – the brain and spinal co rd

Peripheral nervo us system (PNS) – all o f the nerves  in the bo dy

It allo ws us to  make sense o f o ur surro undings and respo nd to  them, and to  co o rdinate and

regulate bo dy f unctio ns

Info rmatio n is sent thro ugh the nervo us system in the fo rm o f electrical impulses  – these are

electrical signals that pass alo ng nerve cells  kno wn as neuro nes

A bundle o f  neuro nes  is kno wn as a nerve

The nerves spread o ut fro m the central nervo us system to  all o ther regio ns o f  the bo dy  and

impo rtantly, to  all o f the sense o rgans

The CNS acts as a central co o rdinating centre  fo r the impulses that co me in fro m, and are

sent o ut to , any part o f the bo dy

Cent ral Nervous Syst em Diagram
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The human nervous system is comprised of the CNS and the PNS
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Neurones

The fo llo wing features are fo und in neuro nes:

Neuro nes have a main, lo ng, fibre  kno wn as an axo n

The axo n is o ften insulated by Schwann cells which fo rm the myelin sheath which prevents

lo ss o f nerve impulses alo ng the axo n

They have a cell bo dy  that co ntains the nucleus  and o ther cellular structures

Their cell bo dies  and axo n terminals  co ntain many extensio ns called dendrites

These dendrites  allo w them to  co nnect  to  many o ther neuro nes and receive impulses  fro m

them, fo rming a netwo rk fo r easy co mmunicatio n

St ruct ure of  a Neurone Diagram

Neurones have a characteristically elongated structure which allows them to transfer information

between the central nervous system and the rest of the body

Different types of neurone

There are three main types o f neuro ne: senso ry, relay and mo to r

Senso ry  neuro nes carry impulses fro m recepto rs  to  the CNS (brain o r spinal co rd)
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Relay  (intermediate) neuro nes are fo und entirely within the CNS and co nnect senso ry  and

mo to r neuro nes

Mo to r neuro nes carry impulses fro m the CNS to  effecto rs  (muscles o r glands)

Each type o f neuro ne has a slightly different structure

Mo to r neuro nes have:

A large cell bo dy at o ne end  that lies within the spinal co rd o r brain

A nucleus that is always in its cell bo dy

Many highly-branched dendrites extending fro m the cell bo dy, pro viding a large surface area

fo r the axo n terminals o f o ther neuro nes

Relay neuro nes  have:

Sho rt, but highly branched, axo ns and dendrites

Senso ry neuro nes  have:

A cell bo dy  that branches o ff in the middle  o f the cell

A single lo ng dendro n that carries impulses to  the cell bo dy and a single lo ng axo n that carries

impulses away fro m the cell bo dy

T hree Types of  Neurone Diagram

The three types of neurone – the red line shows the direction of impulses. Note that the axon always

carried impulses away from the cell body.
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Nerve Impulses

Generating the Resting Potential

Neuro nes  transmit info rmatio n in the fo rm o f impulses, which travel extremely quickly alo ng the

neuro ne fro m o ne end to  the o ther

No te that an impulse is no t  an electrical current that flo ws alo ng neuro nes as if they were

wires

Instead, an impulse is a mo mentary reversal in the electrical po tential difference  acro ss the

neuro ne cell surf ace membrane

The electrical po tential difference acro ss a membrane can also  be described as the

vo ltage  acro ss a membrane, the difference in charge  acro ss a membrane, o r the

membrane po tential

In an axo n that is no t transmitting an impulse  the inside  o f the axo n always has a negative

electrical po tential, o r charge, co mpared to  o utside  the axo n, which has a po sitive electrical

po tential

This membrane po tential in a resting neuro ne is kno wn as resting po tential

The resting po tential is usually abo ut -7 0 millivo lts (mV)

This means that the inside  o f the resting axo n has a mo re negative  electrical charge than the

o utside  by abo ut 70 mV

Two  main pro cesses co ntribute to  establishing and maintaining resting po tential:

T he active transpo rt o f  so dium io ns and po tassium io ns

A difference in rates o f  diffusio n o f  so dium io ns and po tassium io ns

In additio n to  these two  main pro cesses, negatively charged pro teins  inside the axo n also

co ntribute to  the negative resting po tential

T he active transport of sodium ions and potassium ions

Carrier pro teins called so dium-po tassium pumps are present in the cell surface membranes o f

neuro nes

These pumps use AT P to  actively transpo rt so dium io ns  (Na⁺) o ut  o f the axo n and  po tassium io ns

(K⁺) into  the axo n

The two  types o f io n are pumped at an unequal rate; fo r every 3 so dium io ns that are pumped o ut

o f the axo n, o nly 2 po tassium io ns are pumped in

This creates a co ncentratio n gradient acro ss the membrane fo r bo th so dium io ns and po tassium

io ns

Difference in rates of diffusion of sodium ions and potassium ions

Because o f the co ncentratio n gradient generated by the so dium-po tassium pumps, bo th

so dium and po tassium io ns will diffuse back acro ss the membrane

The neuro ne cell surface membrane has so dium io n channels  and po tassium io n

channels  that allo w so dium and po tassium io ns to  mo ve acro ss the membrane
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by f acilitated diffusio n

The neuro ne membrane is much less permeable  to  so dium io ns than po tassium io ns, so

po tassium io ns inside the neuro ne can diffuse o ut at a f aster rate  than so dium io ns  can

diffuse back in

This results in f ar mo re po sitive io ns  o n the o utside  o f the neuro ne than o n the inside,

generating a negative charge inside  the neuro ne in relatio n to  the o utside

The result o f this is that the neuro ne has a resting membrane po tential o f aro und -7 0

millivo lts (mV)

Rest ing Pot ent ial Diagram
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Nerve Impulses

Once resting po tential is reached, the neuro ne membrane is said to  be po larised

To  initiate a nerve impulse in a neuro ne, the neuro ne membrane needs to  be depo larised

Depo larisatio n is the reversal o f  the electrical po tential difference  acro ss the membrane

The depo larisatio n o f the membrane o ccurs when an actio n po tential is generated

Actio n po tentials lead to  the reversal o f resting po tential fro m aro und -7 0 mV to  aro und +4 0

mV 

Actio n po tentials invo lve the rapid mo vement o f so dium io ns and  po tassium io ns  acro ss the

membrane  o f the axo n

An actio n po tential is the po tential electrical difference  pro duced acro ss the axo n membrane

when a neuro ne is stimulated  e.g. when an enviro nmental stimulus is detected by a recepto r cell

Sodium-potassium pumps in the membrane of a resting neurone generate a concentration gradient for

both sodium ions and potassium ions. This process, together with the facilitated di�usion of potassium

ions back out of the cell at a faster rate than sodium ions di�use back into the cell, generates a negative

resting potential across the membrane. 
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Nerve Impulses: Skills

Speed of Nerve Impulses

Comparing the speed of transmission

There are well do cumented co rrelatio ns between specific structural f eatures  o f neuro nes and

the speed o f  transmissio n

Two  key features that sho uld be co nsidered include

Myelinatio n o f the neuro ne

Myelinated  neuro nes co nduct electrical impulses much mo re quickly  than

unmyelinated fibres

This is because o f the insulatio n o ffered by the myelin sheath which allo ws faster

saltato ry co nductio n alo ng the neuro ne

Diameter o f the neuro n

An axo n with a wider diameter co nducts an electrical impulse mo re quickly  than a narro w

axo n

This is because a wider axo n o ffers less resistance  to  the actio n po tential

Squid have giant axo ns which are unmyelinated and can be up to  1 mm wide, whereas the average

diameter o f a human neuro ne is so mewhere between 4  and 100 µm

The graph sho ws the relatio nship between axo n diameter and speed o f transmissio n in a giant

unmyelinated axo n fro m a squid and a 'no rmal' siz ed myelinated axo n o f a mammal

Despite the axo n being significantly wider, the speed o f transmissio n is much faster in the axo n

which is insulated by a myelin sheath

Comparing Speed of  Nerve Transmission Graph

Unmyelinated axons have a much slower speed of conduction compared to a myelinated axon
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Myelination

Neuro nes have a main, lo ng, fibre  kno wn as an axo n

The axo ns o f neuro nes are surro unded  by specialised cells called Schwann cells

Schwann cells wrap themselves aro und the axo n, fo rming a structure kno wn as a myelin sheath

Myelin co ntains the pho spho lipids  o f the Schwann cell membranes; it is built up in layers as

the Schwann cells gro w aro und the axo n

The lipid  co ntent o f the myelin sheath gives it a high electrical resistance

The myelin sheath acts as an electrical insulato r; impulses canno t pass thro ugh the myelin sheath

The myelin sheath has small, uninsulated sectio ns  in the gaps between the individual Schwann

cells

These gaps are called no des o f  Ranvier

Electrical impulses effectively jump  fro m o ne no de o f Ranvier to  the next

This pro cess is kno wn as saltato ry co nductio n

It greatly speeds up the rate o f  transmissio n o f  impulses  alo ng myelinated neuro nes

In no n-myelinated neuro nes the axo n is  no t insulated by myelin, so  the impulse travels mo re

slo wly

Diagram t o show t he myelinat ion of  neurones

An impulse travels down a neurone via saltatory conduction 
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Describing a correlation using a correlation coefficient

When studying the relatio nship between two  variables  such as diameter o r myelinatio n and

speed o f transmissio n, it is impo rtant to  co llect data which allo ws us to  analyse the strength o f

the co rrelatio n

Co rrelatio n is an asso ciatio n o r relatio nship between variables

There is a clear distinctio n between co rrelatio n and causatio n: a co rrelatio n do es no t

necessarily imply a causative relatio nship

Causatio n o ccurs when o ne variable has an influence o r is influenced by, ano ther

Fo r the variables discussed here:

There may be a co rrelatio n between diameter o f a neuro ne and the speed o f impulse

co nductio n

There may be a co rrelatio n between the myelinatio n o f a neuro ne and speed o f impulse

co nductio n

The apparent co rrelatio n between variables can be analysed using scatter graphs  and different

statistical tests

Correlation between variables

In o rder to  get a bro ad o verview o f the co rrelatio n between two  variables the data po ints fo r

bo th variables can be plo tted o n a scatter graph

The co rrelatio n co efficient (r) indicates the strength o f  the relatio nship  between variables

Perfect co rrelatio n o ccurs when all o f  the data po ints lie o n a straight line  with a co rrelatio n

co efficient o f  1 o r -1

Co rrelatio n can be po sitive o r negative

Po sitive co rrelatio n: as variable A increases, variable B increases

Negative co rrelatio n: as variable A increases, variable B decreases

If there is no  co rrelatio n between variables the co rrelatio n co efficient will be 0

Correlat ion in Dat a Graphs

Di�erent types of correlation in scatter graphs
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The co rrelatio n co efficient (R) can be calculated to  determine whether a linear relatio nship

exists between variables and ho w stro ng that relatio nship is

The co efficient o f  determinatio n (R ) can then be calculated to  test the strength o f the

asso ciatio n between the variables

Pearson's linear correlation

Pearso n's linear co rrelatio n is a statistical test  that determines whether there is linear

co rrelatio n between two  variables

The data must:

Be quantitative

Sho w no rmal distributio n

 Metho d:

Step 1:  Create a scatter graph o f data gathered and identify if a linear co rrelatio n exists

Step 2:  State a null hypthessis

Step 3:  Use the fo llo wing equatio n to  wo rk o ut Pearso n’s co rrelatio n co efficient r

If the co rrelatio n co efficient r is clo se to  1 o r -1 o r the then it can be stated that there is a stro ng

linear co rrelatio n between the two  variables and the null hypo thesis can be rejected

R = n
n ( )Σxy − ( )Σx ( )Σy

⎡
⎢
⎣

⎤
⎥
⎦nΣx 2− ( )Σx 2 ⎡

⎢
⎣

⎤
⎥
⎦nΣy 2− ( )Σy 2

∑x = to tal o f the first variable value

∑y = to tal o f the seco nd variable value

∑xy = sum o f the pro duct o f the first and seco nd value

2

∑x  = sum o f the squares o f the �rst value

∑y  = sum o f the squares o f the seco nd value

T he coe�cient of determination

The coefficient of determination ( )R2 = ( )Pearson correlation coefficient 2

The to  �nd the co e�cient o f determinatio n...

 Metho d:

Step 1:  Square the value fo und fo r R

Step 2:  Co nvert the value into  a percentage

An R  value o f clo ser to  1 (o r 100%) sho ws that the variables have a stro ng co rrelatio n, o r, yo u

can predict the dependent variable accurately fro m the independent variable

T he null hypo thesis can be rejected

An R  value clo ser to  0 indicates that there is no  co rrelatio n, o r, the dependent variable canno t

be predicted fro m the independent variable

2

2

2

2

Exam T ip

Yo u will be pro vided with the fo rmula fo r Pearso n’s linear co rrelatio n in the exam. Yo u need to  be

able to  carry o ut the calculatio n to  test fo r co rrelatio n, as yo u co uld be asked to  do  this in the

exam. Yo u sho uld understand when it is appro priate to  use the di�erent statistical tests that

cro p up in this to pic, and the co nditio ns in which each is valid.
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Synapses

Synapses

Where two  neuro nes meet, they do  no t actually co me into  physical co ntact  with each o ther

Instead, a very small gap, kno wn as the synaptic clef t , separates them

The ends o f the two  neuro nes, alo ng with the synaptic cleft, fo rm a structure kno wn as a synapse

Synapses act as the junctio ns between any cells in the nervo us system, e.g.

In the sense o rgans, there are synapses between senso ry recepto r cells  and senso ry

neuro nes

In muscles, there are synapses between mo to r neuro nes  and muscle fibres 

St ruct ure of  a Synapse Diagram

A synapse
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Release of Neurotransmitters

Synaptic transmission: How do synapses work?

Electrical impulses canno t ‘jump’ acro ss the synaptic cleft

When an electrical impulse arrives at the end o f the axo n o n the presynaptic neuro ne, the

membrane  o f the presynaptic neuro ne beco mes depo larised, triggering an influx o f calcium io ns

into  the presynaptic cell via calcium io n channels  in the membrane

The calcium io ns cause vesicles in the presynaptic neuro ne to  mo ve to wards the presynaptic

membrane where they fuse with it and release chemical messengers called  neuro transmitters

into  the synaptic cleft

A co mmo n neuro transmitter is  acetylcho line, o r ACh

The neuro transmitters diffuse  acro ss the synaptic clef t  and  bind with recepto r mo lecules  o n

the po stsynaptic membrane; this causes asso ciated so dium io n channels  o n the po stsynaptic

membrane to  o pen, allo wing so dium io ns  to  diffuse into  the po stsynaptic cell

If eno ugh neuro transmitter mo lecules bind with recepto rs o n the po stsynaptic membrane then

an actio n po tential is generated, which then travels do wn the axo n o f the po stsynaptic neuro ne

The neuro transmitters are then bro ken do wn to  prevent co ntinued stimulatio n o f the

po stsynaptic neuro ne

The enz yme that breaks do wn acetylcho line is acetylcho linesterase

Transmission of  a Nerve Impulse Diagram
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Synaptic transmission using the neurotransmitter acetylcholine

Unidirectionality

Synapses ensure the o ne-way transmissio n o f impulses

Impulses can o nly pass in o ne directio n at synapses because neuro transmitter is released o n

o ne side  and its recepto rs are o n the o ther – chemical transmissio n canno t o ccur in the

o ppo site directio n

This prevents impulses fro m travelling the wro ng way

Generating a Postsynaptic Potential

There are o ver 40 di�erent kno wn neuro transmitters

Examples include do pamine and no radrenaline

One o f the key neuro transmitters used thro ugho ut the nervo us system is acetylcho line (ACh)

ACh is pro duced in the presynaptic neuro ne  by co mbing cho line  with an acetyl gro up

Synapses that use the neuro transmitter ACh are kno wn as cho linergic synapses

Acetylcho line is released into  the synaptic clef t  when ACh-co ntaining vesicles  fuse with the

presynaptic membrane, releasing ACh mo lecules into  the synaptic clef t

ACh binds to  speci�c recepto rs  o n the po stsynaptic membrane, where it can generate an

actio n po tential in the po stsynaptic cell by o pening asso ciated so dium io n channels to  allo w

so dium io ns into  the cyto plasm o f the po stsynaptic neuro ne until the thresho ld level is achieved

To  prevent the so dium io n channels staying permanently o pen and to  sto p permanent

depo larisatio n o f the po stsynaptic membrane, the ACh mo lecules are bro ken do wn and

recycled

The enz yme acetylcho linesterase  catalyses the hydro lysis  o f ACh mo lecules into  acetate

and cho line

The pro ducts o f hydro lysis are then abso rbed back into  the presynaptic neuro ne, and the

active neuro transmitter ACh is refo rmed
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