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6.5.1Neurones: Function & Structure

Function & Structure of Neurones
The nervoussystem

= The humannervous systemconsists of:
= Centralnervous system(CNS) - the brainand spinalcord
= Peripheralnervous system(PNS) - all of the nerves inthe body

= |tallows usto make sense of oursurroundings and respond to them,and to coordinate and
regulate body functions
= Informationis sent throughthe nervous systeminthe formof electricalimpulses - these are
electrical signals that pass along nerve cells known as neurones
= Abundle of neuronesis knownas anerve

= The nerves spread out fromthe central nervous systemto allotherregions of the body and
importantly, to allof the sense organs
= The CNSacts as acentralcoordinating centre forthe impulses that comeinfrom,and are
sentoutto,anypartof the body
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The human nervous system is comprised of the CNS and the PNS

Page 3 of 19
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Neurones

= The followingfeatures are found inneurones:

= Neurones have amain, long, fibre known as anaxon

= Theyhave acellbody that contains the nucleus and othercellularstructures

= Theircellbodies and axonterminals contain many extensions called dendrites

= These dendrites allowthemto connect to many other neurones and receive impulses from
them,forming anetwork foreasycommunication

Neurones have a characteristically elongated structure which allows them to transferinformation
between the central nervous system and the rest of the body

Research

NOS: Cooperationand collaboration between groups of scientists; biologistsare
contributing toresearchintomemoryandlearning

Some of the so-called 'higher' functions of the braine.g., memoryand learning, are stillnot fully

understood and are the focus of much current research

Biologists are becomingincreasingly involved in this research, whichuses techniques fromthe

fields of neurobiology, molecular biology, and biochemistry to understand the mechanisms

behind these brainfunctions

The Centre forNeural Circuits and Behaviour(CNCB) at the Universityof Oxford is agood

example of aninstitutioninwhich scientists with different areas of expertise collaborate, orwork

together,withacommonresearchgoal

= Theresearchteamatthe CNCB contains expertsinvarious fields of biological science,

includingmedicine, physiology, genetics, molecularbiology, neurobiology,and
neurogenetics

Researchinto functions of the brainsuch as memoryand learningnotonlyinvolves collaboration
betweenscientists fromdifferent specialities, but also from different countries
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Myelination

Neurones have a main, long, fibre known as anaxon
The axons of neurones are surrounded by specialised cells called Schwanncells
Schwanncells wrap themselves around the axon,forming a structure known as amyelinsheath
= Myelincontains the phospholipids of the Schwanncellmembranes;itis builtupinlayers as
the Schwanncells grow around the axon
= Thelipid content of the myelin sheath gives it ahighelectricalresistance

The myelinsheath acts as anelectricalinsulator; impulses cannot pass through the myelin sheath
The myelin sheath has small, uninsulated sections in the gaps betweenthe individual Schwann
cells

= These gaps are called nodes of Ranvier

Electricalimpulses effectivelyjump fromone node of Ranvierto the next
= Thisprocessis known as saltatory conduction
= |tgreatlyspeedsup therate of transmissionof impulses along myelinated neurones
= |Innon-myelinated neurones the axonis notinsulated by myelin,so the impulse travels more
slowly

Animpulse travels down a neurone via saltatory conduction
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6.5.2Nerve Impulses

Re sting Potential

Neurones transmitinformationinthe form ofimpulses, which travel extremely quicklyalong the
neurone fromone end to the other
= Notethatanimpulseisnot anelectrical current that flows alongneurones as if theywere
wires
= Instead,animpulse is amomentary reversalinthe electrical potentialdifference across the
neurone cellsurface membrane
= Theelectrical potential difference across amembrane canalso be described as the
voltage across amembrane, the difference incharge across amembrane,orthe
membrane potential

Inanaxonthatis not transmitting animpulse the inside of the axon always has a negative
electrical potential, orcharge,compared to outside the axon, which has a positive electrical
potential

= This membrane potentialinarestingneurone is known as resting potential

Theresting potentialis usuallyabout -7 0 millivolts (mV)
= This means that the inside of the resting axon has a more negative electrical charge thanthe
outside byabout70 mV

Two mainprocesses contribute to establishing and maintaining resting potential:
= The active transport of sodiumions and potassiumions
= Adifferenceinrates of diffusionof sodiumions and potassiumions

Inadditionto these two main processes, negatively charged proteins inside the axonalso
contribute to the negative resting potential

Theactivetransportof sodiumionsandpotassiumions

Carrierproteins called sodium-potassium pumps are present inthe cell surface membranes of
neurones

These pumps use ATP to activelytransport sodiumions (Na+) out of the axonand potassiumions
(K+)into the axon

The two types ofionare pumped at anunequalrate;forevery3 sodiumions that are pumped out
ofthe axon,only2 potassiumions are pumped in

This creates aconcentration gradient across the membrane forbothsodiumions and potassium
ions

Differenceinrates of diffusionof sodiumionsandpotassiumions
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Because of the concentration gradient generated by the sodium-potassiumpumps,both
sodiumand potassiumions will diffuse back across the membrane
= The neurone cellsurface membrane has sodiumionchannels and potassiumion
channels that allow sodiumand potassiumions to move across the membrane by facilitated
diffusion

The neurone membrane is muchless permeable to sodiumions thanpotassiumions,so
potassiumionsinside the neurone candiffuse out at afasterrate thansodiumions candiffuse
backin

This results infar more positive ions onthe outside of the neurone thanontheinside, generating
anegative charge inside the neurone inrelationto the outside

The result of this is that the neurone has arestingmembrane potential of around -7 0 millivolts
(mV)
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Sodium-potassium pumps in the membrane of a resting neurone generate a concentration gradient for

both sodiumions and potassium ions. This process, togetherwith the facilitated diffusion of potassium

ions back out of the cell at a fasterrate than sodium ions diffuse back into the cell, generates a negative
resting potential across the membrane.

ActionPotential

= Oncerestingpotentialis reached, the neurone membrane is said to be polarised
= Toinitiate anerve impulse inaneurone, the neurone membrane needs to be depolarised
= Depolarisationis thereversalof the electrical potential difference across the membrane

= The depolarisationof the membrane occurs whenanactionpotentialis generated
= Actionpotentials lead to thereversal of restingpotential fromaround -70 mVto around +40
mV

= Actionpotentialsinvolve the rapid movement of sodiumions and potassiumions across the
membrane of the axon

= Anactionpotentialis the potentialelectrical difference produced across the axonmembrane
whenaneurone is stimulated e.g. whenan environmental stimulus is detected byareceptorcell

Howan action potentialisproduced

= Some of theionchannelsinthe membrane of aneurone are voltage gated, meaning that they
openand closeinresponse to changesinthe electrical potentialacross the membrane
= Voltage gatedionchannels are closed whenthe membraneis atrest, but theyare involvedin
the generationand transmissionof actionpotentials
= Notethatnotallofthe channelsinaneurone membrane are voltage gated e.g.some types of
potassiumionchannelare openwhenaneuroneis atrestto enable potassiumions to diffuse
out of the axonand generate resting potential

= Whenaneuroneis stimulated, the following steps occur:
= Asmallnumberofsodiumionchannelsinthe axonmembrane open
= Sodiumions beginto moveinto the axondown theirconcentrationgradient
= Thereis agreaterconcentrationofsodiumions outside the axonthaninside due to the
actionofsodium-potassium pumps

= Thisreduces the potentialdifference across the axonmembrane as the inside of the axon
becomes less negative

= |fenoughsodiumions enterthe axonand the potential differenceis reduced
enough,voltage gated sodiumionchannels open,leading to afurther,large influxof sodium
ions

= Oncethecharge has beenreversed from-70mVto around +40 mV,anactionpotentialis
said to have beengenerated

Howanaction potentialispropagated

= Onceanactionpotentialhas beengenerated,itcanbe propagated, ortransmitted, alongthe
lengthof the axon
= The depolarisationofthe membrane at the site of the firstaction potential causes sodium
ions to diffuse along the cytoplasminto the next section of the axon,depolarising the
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membrane in this new section,and causingvoltage gated sodium channels to open
= This triggers another actionpotentialinthis sectionofthe axonmembrane
= This process thenrepeats alongthe length of the axon

= Inthe body,this allows action potentials to beginatone end of anaxonand thenpass alongthe
entire length of the axon membrane
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How animpulse is propagated in one direction along the axon of a neurone
Repolarisation

= AboutTms afteranactionpotentialis generated, allthe voltage gated sodium channels in this
sectionof membrane close
= Voltage gated potassiumchannelsinthis sectionof axonmembrane now open,allowing the
diffusionof potassiumions out of the axon,downtheirconcentration gradient
= Rememberthat the sodium-potassium pumps have not stopped working during the action
potential;hence the potassiumiongradientis still present

= Thismovementofpotassiumions causes the inside of the axonto become negativelycharged
again,aprocess knownas repolarisation
= Thereis ashortperiod duringwhich the membrane potentialis more negative thanresting
potential;thisis knownas hyperpolarisation
= The period duringwhichthe membrane is hyperpolarised is known as the refractory period
= The membraneis unresponsive to stimulation during the refractoryperiod,so anew
actionpotentialcannot be generated at this time
= This makes the actionpotentials discrete events and means the impulse canonly travel
inone direction
= Thisis essential forthe successfuland efficient transmission of nerve impulses along
neurones

= Thevoltage gated potassiumchannels thenclose, and the sodium-potassiumpumps work to
restore resting potential

= Onlyonceresting potentialis restored canthe membrane be stimulated again

The depolarisation and repolarisation of an action potential can be clearly seenin a graph of membrane
potential against time
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Threshold Potential

= Anactionpotentialis onlyinitiated if the threshold potential is reached
= Whenaneuroneis stimulated, sodiumionchannels inthe axonmembrane openand sodiumions
passinto the axondowntheirconcentration gradient
= This causestheinside of the axonto become less negative, but exactlyhow muchless negative
itbecomesis dependentonthe numberofsodiumionchannels thatopen
= Alarge stimulus will cause more channels to openthanasmall stimulus
= |f more channels open,thenmore sodiumions will enterthe axon,causingitto becomeless
negative

= |f the potential differencereaches around -50 mV, known as the threshold potential,voltage
gated sodiumionchannels openand many more sodiumions enterthe axon
= This causes the membrane potential to reacharound +40 mV

= Once the charge has beenreversed from-70mVto +40 mV,anactionpotentialis generated
The all-or-nothing principle

= Actionpotentials are eithergenerated ornotgenerated depending onwhetherthe threshold
potentialis reached;thereis no suchthingas asmallorlarge actionpotential
= [fastimulusis weak,onlyafew sodiumionchannels willopenand the membrane won't be
sufficientlydepolarised to reachthe threshold potential; anaction potential willnotbe
generated
= |f astimulusis strong enoughto raise the membrane potential above the threshold potential
thenanactionpotential willbe generated

= Thisis the all-or-nothing principle
= Animpulse is only transmitted if the initial stimulus is sufficient to increase the membrane
potentialabove athreshold potential

= Stimulus size canbe detected bythe brainbecause as the intensity of astimulus increases, the
frequency of actionpotentials transmitted along the neurone increases
= This means that a small stimulus mayonlylead to one action potential, while alarge stimulus
maylead to severalactionpotentialsinarow
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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 propagation of nerve impulses alongaxons occurs due to local currents that cause each
successive sectionofthe axonto reachthe threshold potential
Inside the depolarised sectionof the axon
= Thereis ahighconcentrationofsodiumions due to theirrecentinflux
= Thiscreates aconcentrationgradient betweenthe sectionof the axonthathas depolarised
and the sectionnextto it
= Sodiumions diffuse alonginside the axonto the neighbouringsectionof axonthathas not
yetbecome depolarised
= Thisreduces the negative membrane potentialinthe new sectionofaxonand,if athreshold
isreached, begins theinitiation of anaction potential
= This enables the original action potential to be propagated

= Ontheoutside of the axon
= Thereis ahigherconcentrationofsodiumions outside the sectionofaxonthathasnotyet
become depolarised due to the diffusionof sodiumions into the depolarised section

= Sodiumions diffuse fromhere along the outside of the axonto the sectionofaxonthat has
justbecome depolarised

= These movements of sodiumions are known as local currents
= Theselocalcurrents cause awave of depolarisationand repolarisationto travel along the axon,
resultinginthe propagationof anerve impulse

The propagation of nerve impuises along axons occurs due to local currents created by the diffusion of
sodiumions
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6.5.3Synapses

Synapses

= Where two neurones meet,theydo notactuallycomeinto physical contact witheachother
= Instead,averysmall gap,known as the synaptic cleft,separates them
= The ends of the two neurones, alongwith the synaptic cleft,formastructure knownas asynapse
= Synapses actasthejunctions betweenany cellsinthe nervous system, e.g.
= Inthe sense organs,there are synapses betweensensory receptorcells and sensory
neurones
= Inmuscles,there are synapses betweenmotorneurones and muscle fibres

A synapse
Synaptic transmission

= FElectricalimpulses cannot jump’across the synaptic cleft
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Whenanelectricalimpulse arrives at the end of the axon on the presynaptic neurone, the
membrane of the presynaptic neurone becomes depolarised, triggering aninflux of calciumions
into the presynaptic cellvia calciumionchannels in the membrane
The calciumions cause vesicles inthe presynaptic neurone to move towards the presynaptic
membrane where theyfuse withit and release chemicalmessengers called neurotransmitters
into the synaptic cleft

= Acommonneurotransmitteris acetylcholine,orACh

The neurotransmitters diffuse across the synaptic cleft and bind withreceptor molecules on
the postsynaptic membrane;this causes associated sodiumionchannels on the postsynaptic
membrane to open, allowingsodiumions to diffuse into the postsynaptic cell
If enough neurotransmittermolecules bind withreceptors onthe postsynaptic membrane then
anactionpotentialis generated, which thentravels downthe axonof the postsynaptic neurone
The neurotransmitters are thenbrokendownto prevent continued stimulationof the
postsynaptic neurone

= The enzyme that breaks downacetylcholineis acetylcholinesterase
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Synaptic transmission using the neurotransmitter acetyicholine
Unidirectionality

= Synapses ensure the one-way transmissionofimpulses

= |mpulses canonlypassinonedirectionatsynapses because neurotransmitterisreleased on
one side and itsreceptors are onthe other - chemical transmissioncannotoccurinthe
opposite direction

= This prevents impulses fromtravellingthe wrong way
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Acetylcholine

= There are over40 differentknownneurotransmitters
= Examplesinclude dopamine and noradrenaline

= One of the keyneurotransmitters used throughout the nervous systemis acetylcholine (ACh)
= AChis produced inthe presynaptic neurone by combingcholine withanacetylgroup
= Synapses thatuse the neurotransmitter ACh are known as cholinergic synapses

= Acetylcholineisreleasedinto the synaptic cleft when ACh-containing vesicles fuse withthe
presynaptic membrane,releasing AChmolecules into the synaptic cleft
= AChbindsto specificreceptors onthe postsynaptic membrane, where it cangenerate an
actionpotentialinthe postsynaptic cellbyopeningassociated sodiumionchannels
= To prevent the sodiumionchannels staying permanentlyopenand to stop permanent
depolarisationof the postsynaptic membrane, the AChmolecules are brokendownand
recycled
= The enzyme acetylcholinesterase catalyses the hydrolysis of AChmoleculesinto acetate
and choline
= The products of hydrolysis are thenabsorbed backinto the presynaptic neurone,and the
active neurotransmitter AChisreformed

Inhibition of Acetylcholine Receptors

= Neonicotinoids are synthetic compounds similarto nicotine that are commonlyfoundin
pesticides
= Neonicotinoids canblocksynaptic transmission at cholinergic synapses ininsects bybinding to
acetylcholinereceptors
= This bindingisirreversible, as acetylcholinesterase cannotbreak downneonicotinoids
= Asthe acetylcholinereceptors are blocked, acetylcholine is unable to bind, whichstops
impulses frombeingtransmitted across synapses
= Thisleads to paralysis and deathininsects

= Neonicotinoids are considered to be especiallysuitable as pesticides because they're not
toxic to humans and other mammals
= Amuchlargerproportionof synapsesininsects are cholinergic compared to mammals
= Neonicotinoids bind muchmore stronglyto acetylcholinereceptorsininsects

= Thereisagreatdealofcontroversyoverthe use of neonicotinoid pesticides because of the
impact that theyare thought to have onessential pollinators such as bees
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6.5.4 Skill: Neurones & Synapses

Analysis of Oscilloscope Traces

Itis possible to measure membrane potentials inneurones byplacingelectrodes oneachside
of the membrane
= Amembrane potentialis the difference incharge betweenone side of amembrane and the
other,sometimes described as the potential difference, orthe voltage

The membrane potential canthenbe visually represented and displayed usinganoscilloscope
Anoscilloscopeis atype of electronic test instrument that graphically displays varying signal
voltages

The displayproduced is like agraphwith time in milliseconds on the x-axis and the membrane
potentialin millivolts onthe y-axis

Howtoanalyse oscilloscope tracesshowing resting potentialsand action potentials

If there is aresting potential, a straight, horizontal line should be shownonthe displayscreenof
the oscilloscope atalevelof -70 mV
If anactionpotentialoccurs aspike, risingup to amaximumvoltage of between +30 and +40
mV, should be shown onthe display

= Therisingphase of the spike shows depolarisation

= The fallingphase of the spike shows repolarisation

Oftennotshownonanactionpotential graphis the gradualrise inmembrane potential just
before the membrane rapidlydepolarises
= Before threshold potentialis reached, onlyasmallnumberof sodiumchannelsinthe
membrane are open, so the membrane depolarises slowly, but when the threshold is reached
manymore sodium channels open

Instead of repolarisation causing the membrane potential to returnimmediately to the normal
restingpotentialof-70 mv, the trace oftenshows ashort period of hyperpolarisation
= Thisis whenthe membrane potential brieflybecomes more negative thanresting potential
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An example of an oscilloscope trace showing resting potential and an action potential

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



