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6.5.1 Neurones: Function & Structure

Function & Structure of Neurones

T he nervous syst em

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
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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, �bre  kno wn as an 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

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

between the central nervous system and the rest of the body

Research

NOS: Cooperat ion and collaborat ion bet ween groups of  scient ist s; biologist s are
cont ribut ing t o research int o memory and learning

So me o f the so -called 'higher' f unctio ns o f  the brain e.g., memo ry and learning, are still no t fully

understo o d and are the fo cus o f much current research

Bio lo gists are beco ming increasingly invo lved  in this research, which uses techniques fro m the

�elds o f neuro bio lo gy, mo lecular bio lo gy, and bio chemistry  to  understand the mechanisms

behind these brain functio ns

The Centre fo r Neural Circuits and Behavio ur (CNCB) at the University o f Oxfo rd is a go o d

example o f an institutio n in which scientists with di�erent areas o f expertise co llabo rate, o r wo rk

to gether, with a co mmo n research go al

The research team at the CNCB co ntains experts in vario us �elds o f bio lo gical science,

including medicine, physio lo gy, genetics, mo lecular bio lo gy, neuro bio lo gy, and

neuro genetics

Research into  functio ns o f the brain such as memo ry and learning no t o nly invo lves co llabo ratio n

between scientists fro m di�erent specialities, but also  fro m di�erent co untries
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Myelination

Neuro nes have a main, lo ng, �bre  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 e�ectively 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

An impulse travels down a neurone via saltatory conduction 
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6.5.2 Nerve Impulses

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 �o ws alo ng neuro nes as if they were

wires

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

neuro ne cell surf ace membrane

The electrical po tential di�erence acro ss a membrane can also  be described as the

vo ltage  acro ss a membrane, the di�erence 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 di�erence in rates o f  di�usio 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 act ive t ransport  of  sodium  ions and pot assium  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

Di�erence in rat es of  di�usion of  sodium  ions and pot assium  ions
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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 di�use 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 by f acilitated

di�usio 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 di�use o ut at a f aster rate  than so dium io ns  can di�use

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)
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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. 

Action Potential

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 di�erence  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 di�erence  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

How an act ion pot ent ial is produced

So me o f the io n channels in the membrane o f a neuro ne are vo ltage gated, meaning that they

o pen and clo se in respo nse to  changes in the electrical po tential acro ss the membrane

Vo ltage gated io n channels are clo sed  when the membrane is at rest, but they are invo lved in

the generatio n and transmissio n o f actio n po tentials

No te that no t all o f the channels in a neuro ne membrane are vo ltage gated e.g. so me types o f

po tassium io n channel are o pen when a neuro ne is at rest to  enable po tassium io ns to  di�use

o ut o f the axo n and generate resting po tential

When a neuro ne is stimulated, the fo llo wing steps o ccur:

A small number o f so dium io n channels  in the axo n membrane o pen

So dium io ns  begin to  mo ve into  the axo n do wn their co ncentratio n gradient

There is a greater co ncentratio n o f so dium io ns o utside the axo n than inside due to  the

actio n o f so dium-po tassium pumps

This reduces the po tential di�erence  acro ss the axo n membrane as the inside  o f the axo n

beco mes less negative

If eno ugh so dium io ns enter the axo n and the po tential di�erence is reduced

eno ugh, vo ltage gated so dium io n channels  o pen, leading to  a further, large in�ux o f so dium

io ns

Once the charge has been reversed fro m -70 mV to  aro und +40 mV, an actio n po tential is

said to  have been generated

How an act ion pot ent ial is propagat ed

Once an actio n po tential has been generated, it can be pro pagated, o r transmitted, alo ng the

length o f the axo n

The depo larisatio n o f the membrane at the site o f the �rst actio n po tential causes so dium

io ns to  di�use alo ng the cyto plasm into  the next sectio n o f the axo n, depo larising the

Page 8 of 19
For more help visit our website www.exampaperspractice.co.uk



membrane in this new sectio n, and causing vo ltage gated so dium channels to  o pen

This triggers ano ther actio n po tential in this sectio n o f the axo n membrane

This pro cess then repeats alo ng the length o f the axo n

In the bo dy, this allo ws actio n po tentials to  begin at o ne end o f an axo n and then pass alo ng the

entire length o f the axo n membrane
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How an impulse is propagated in one direction along the axon of a neurone

Repolarisat ion

Abo ut 1 ms after an actio n po tential is generated, all the vo ltage gated so dium channels in this

sectio n o f membrane clo se

Vo ltage gated po tassium channels  in this sectio n o f axo n membrane no w o pen, allo wing the

di�usio n o f po tassium io ns o ut o f  the axo n, do wn their co ncentratio n gradient

Remember that the so dium-po tassium pumps have no t sto pped wo rking during the actio n

po tential; hence the po tassium io n gradient is still present

This mo vement o f po tassium io ns causes the inside o f the axo n to  beco me negatively charged

again, a pro cess kno wn as repo larisatio n

There is a sho rt perio d during which the membrane po tential is mo re negative than resting

po tential; this is kno wn as hyperpo larisatio n

The perio d during which the membrane is hyperpo larised is kno wn as the ref racto ry perio d

The membrane is unrespo nsive to  stimulatio n during the refracto ry perio d, so  a new

actio n po tential canno t be generated at this time

This makes the actio n po tentials discrete  events and means the impulse can o nly travel

in o ne directio n

This is essential fo r the successful and e�cient transmissio n o f nerve impulses alo ng

neuro nes

The vo ltage gated po tassium channels then clo se, and the so dium-po tassium pumps  wo rk to

resto re resting po tential

Only o nce resting po tential is resto red can the membrane be stimulated again

The depolarisation and repolarisation of an action potential can be clearly seen in a graph of membrane

potential against time
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Threshold Potential

An actio n po tential is o nly initiated  if the thresho ld po tential is reached

When a neuro ne is stimulated, so dium io n channels in the axo n membrane o pen and so dium io ns

pass into  the axo n do wn their co ncentratio n gradient

This causes the inside o f the axo n to  beco me less negative, but exactly ho w much less negative

it beco mes is dependent o n the number o f so dium io n channels that o pen

A large stimulus will cause mo re channels to  o pen than a small stimulus

If mo re channels o pen, then mo re so dium io ns will enter the axo n, causing it to  beco me less

negative

If the po tential di�erence reaches aro und -50 mV, kno wn as the thresho ld po tential, vo ltage

gated so dium io n channels o pen and many mo re  so dium io ns enter the axo n

This causes the membrane po tential to  reach aro und +40 mV

Once the charge has been reversed fro m -70 mV to  +40 mV, an actio n po tential is generated

T he all-or-not hing principle

Actio n po tentials are either generated o r no t generated depending o n whether the thresho ld

po tential is reached; there is no  such thing as a small o r large actio n po tential

If a stimulus is weak, o nly a few so dium io n channels will o pen and the membrane wo n’t be

su�ciently depo larised to  reach the thresho ld po tential; an actio n po tential will no t be

generated

If a stimulus is stro ng eno ugh to  raise the membrane po tential abo ve the thresho ld po tential

then an actio n po tential will be generated

This is the all-o r-no thing principle

An impulse is o nly transmitted  if the initial stimulus is su�cient  to  increase the membrane

po tential abo ve a thresho ld po tential

Stimulus siz e can be detected by the brain because as the intensity o f  a stimulus increases, the

f requency o f actio n po tentials transmitted alo ng the neuro ne increases

This means that a small stimulus may o nly lead to  o ne actio n po tential, while a large stimulus

may lead to  several actio n po tentials in a ro w
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As the strength of a stimulus increases beyond the threshold potential, the frequency of action potentials

increases
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Local Currents

The pro pagatio n o f nerve impulses alo ng axo ns o ccurs due to  lo cal currents  that cause each

successive sectio n o f the axo n to  reach the thresho ld po tential

Inside  the depo larised  sectio n o f the axo n

There is a high co ncentratio n o f so dium io ns due to  their recent in�ux

This creates a co ncentratio n gradient  between the sectio n o f the axo n that has depo larised

and the sectio n next to  it

So dium io ns di�use alo ng inside  the axo n to  the neighbo uring sectio n o f axo n that has no t

yet beco me depo larised

This reduces the negative membrane po tential in the new sectio n o f axo n and, if a thresho ld

is reached, begins the initiatio n o f an actio n po tential

This enables the o riginal actio n po tential to  be pro pagated

On the o utside  o f the axo n

There is a higher co ncentratio n o f so dium io ns o utside the sectio n o f axo n that has no t yet

beco me depo larised  due to  the di�usio n o f so dium io ns into  the depo larised sectio n

So dium io ns di�use fro m here alo ng the o utside o f the axo n to  the sectio n o f axo n that has

just beco me depo larised

These mo vements o f so dium io ns are kno wn as lo cal currents

These lo cal currents cause a wave o f  depo larisatio n and  repo larisatio n to  travel alo ng the axo n,

resulting in the pro pagatio n o f  a nerve impulse

The propagation of nerve impulses along axons occurs due to local currents created by the di�usion of

sodium ions
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6.5.3 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 �bres 

A synapse

Synapt ic t ransmission

Electrical impulses canno t ‘jump’ acro ss the synaptic cleft
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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 in�ux 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 di�use  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  di�use 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
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Synaptic transmission using the neurotransmitter acetylcholine

Unidirect ionalit y

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
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Acetylcholine

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  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

Inhibition of Acetylcholine Receptors

Neo nico tino ids  are synthetic co mpo unds similar to  nico tine that are co mmo nly fo und in

pesticides

Neo nico tino ids can blo ck synaptic transmissio n at cho linergic synapses  in insects  by binding to

acetylcho line recepto rs

This binding is irreversible, as acetylcho linesterase  canno t break do wn neo nico tino ids

As the acetylcho line recepto rs are blo cked, acetylcho line is unable to  bind, which sto ps

impulses  fro m being transmitted acro ss synapses

This leads to  paralysis  and death in insects

Neo nico tino ids are co nsidered to  be especially suitable as pesticides because they're no t

to xic to  humans and o ther mammals

A much larger pro po rtio n o f synapses in insects are cho linergic co mpared to  mammals

Neo nico tino ids bind much mo re stro ngly to  acetylcho line recepto rs in insects

There is a great deal o f co ntro versy o ver the use o f neo nico tino id pesticides because o f the

impact that they are tho ught to  have o n essential po llinato rs such as bees
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6.5.4 Skill: Neurones & Synapses

Analysis of Oscilloscope Traces

It is po ssible to  measure membrane po tentials  in neuro nes by placing electro des o n each side

o f the membrane

A membrane po tential is the di�erence in charge  between o ne side o f a membrane and the

o ther, so metimes described as the po tential di�erence, o r the vo ltage

The membrane po tential can then be visually represented  and displayed  using an o scillo sco pe

An o scillo sco pe is a type o f electro nic test instrument  that graphically displays varying signal

vo ltages

The display pro duced is like a graph with time  in milliseco nds o n the x-axis  and the membrane

po tential in millivo lts o n the y-axis

How t o analyse oscilloscope t races showing rest ing pot ent ials and act ion pot ent ials

If there is a resting po tential, a straight, ho riz o ntal line  sho uld be sho wn o n the display screen o f

the o scillo sco pe at a level o f -7 0 mV

If an actio n po tential o ccurs a spike, rising up to  a maximum vo ltage o f between +30 and +4 0

mV, sho uld be sho wn o n the display

The rising phase  o f the spike sho ws depo larisatio n

The f alling phase  o f the spike sho ws repo larisatio n

Often no t sho wn o n an actio n po tential graph is the gradual rise in membrane po tential just

befo re the membrane rapidly depo larises

Befo re thresho ld po tential is reached, o nly a small number o f so dium channels in the

membrane are o pen, so  the membrane depo larises slo wly, but when the thresho ld is reached

many mo re so dium channels o pen

Instead o f repo larisatio n causing the membrane po tential to  return immediately to  the no rmal

resting po tential o f -70 mv, the trace o ften sho ws a sho rt perio d  o f hyperpo larisatio n

This is when the membrane po tential brie�y beco mes mo re negative  than resting po tential
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An example of an oscilloscope trace showing resting potential and an action potential
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