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Neurones: Function & Structure

Neurones: Function & Structure

The nervous system

= 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

= |nformationis sent throughthe nervous systeminthe formof electricalimpulses - these are
electrical signals that pass alongnerve cells known as neurones
= Abundle of neuronesis knownas anerve

= Thenerves spread out fromthe centralnervous systemto allotherregions of the body and
importantly, to all of the sense organs
= The CNSacts as acentralcoordinating centre forthe impulses thatcomeinfrom,and are

sentoutto,anypartof the body

CentralNervous SystemDiagram
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The human nervous system is comprised of the CNS and the PNS
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Neurones

= The followingfeatures are found inneurones:

Neurones have amain,long, fiore known as anaxon

The axonis ofteninsulated by Schwanncells which form the myelinsheath which prevents
loss of nerve impulses along the axon

Theyhave acellbody that contains the nucleus and othercellularstructures
Theircellbodies and axonterminals contain many extensions called dendrites

These dendrites allow themto connect to many other neurones and receive impulses from
them, forming anetwork foreasy communication

Structure of a Neurone Diagram

Neurones have a characteristically elongated structure which allows them to transferinformation

between the central nervous system and the rest of the body

Different types of neurone

= There are three maintypes of neurone:sensory,relay and motor
= Sensory neurones carryimpulses fromreceptors to the CNS (brain orspinal cord)
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= Relay (intermediate) neurones are found entirely withinthe CNS and connect sensory and
motorneurones
= Motorneurones carryimpulses fromthe CNS to effectors (muscles orglands)
= Eachtype of neurone has aslightly different structure
= Motorneurones have:
= Alarge cellbody at one end that lies within the spinal cord orbrain
= Anucleus thatis alwaysinits cellbody
= Manyhighly-branched dendrites extending fromthe cellbody, providing alarge surface area
forthe axonterminals of otherneurones
Relay neurones have:
= Short, but highlybranched, axons and dendrites
= Sensory neurones have:
= Acellbody that branches off inthe middle of the cell
= Asinglelongdendronthat carries impulses to the cellbodyand asingle longaxonthat carries
impulses awayfromthe cellbody

Three Typesof 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

= Neurones transmitinformationinthe formofimpulses, which travel extremely quickly along the
neurone fromone end to the other
= Notethatanimpulseisnotanelectrical currentthat lows 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
= |nanaxonthatis not transmitting animpulse the inside of the axon always has anegative
electrical potential, orcharge,compared to outside the axon, which has a positive electrical
potential
= This membrane potentialinarestingneurone is known as resting potential
= Therestingpotentialis usuallyabout -70 millivolts (mV)
= This means that the inside of the resting axonhas a more negative electrical charge thanthe
outside byabout70 mV
= Two mainprocesses contribute to establishingand maintainingresting potential:
= The active transport of sodiumions and potassiumions
= Adifferenceinrates of diffusionof sodiumions and potassiumions
Inadditionto these two mainprocesses, negatively charged proteinsinside the axonalso
contribute to the negative resting potential
The active transport of sodiumions and potassiumions

= Carrierproteins called sodium-potassiumpumps are presentinthe cell surface membranes of
neurones

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

= Thetwo types ofionare pumped atanunequalrate;forevery3 sodiumions that are pumped out
ofthe axon,only2 potassiumions are pumped in

= Thiscreates aconcentrationgradientacross the membrane forbothsodiumions and potassium
ions

Differenceinrates of diffusion of sodiumions and potassiumions

= Because ofthe concentration gradient generated by the sodium-potassiumpumps,both
sodiumand potassiumions willdiffuse back across the membrane
= The neurone cellsurface membrane has sodiumionchannels and potassiumion
channels that allow sodium and potassiumions to move across the membrane
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by facilitated diffusion

= The neurone membraneis muchless permeable to sodiumions thanpotassiumions,so
potassiumionsinside the neurone candiffuse out at afasterrate thansodiumions can
diffuse backin

= Thisresultsinfarmore positiveions onthe outside of the neurone thanontheinside,
generating anegative charge inside the neurone inrelationto the outside

= Theresult of thisis that the neurone has aresting membrane potentialof around -70
millivolts (mV)

Resting Potential Diagram
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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, together with 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.

Nerve Impulses

= 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
= Actionpotentialslead to the reversal of resting potential fromaround -70 mVto around +40
mV
= Actionpotentialsinvolve the rapid movement of sodiumions and potassiumions across the
membrane of the axon
= Anactionpotentialis the potential electrical difference produced across the axon membrane
whenaneuroneis stimulated e.g.when an environmental stimulus is detected byareceptorcell
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Nerve Impulses: Skills

Speed of Nerve Impulses

Comparing the speed of transmission

= There are welldocumented correlations between specific structural features of neurones and
the speed of transmission
= Two keyfeatures thatshould be considered include
= Myelinationofthe neurone
= Myelinated neurones conductelectricalimpulses muchmore quickly than
unmyelinated fibres
= Thisis because of the insulationoffered bythe myelin sheath which allows faster
saltatory conductionalongthe neurone
= Diameter of the neuron
= Anaxonwithawiderdiameterconducts anelectricalimpulse more quickly thananarrow
axon
= Thisisbecause awideraxonofferslessresistance to the action potential
= Squid have giant axons which are unmyelinated and canbe up to Tmmwide, whereas the average
diameterof ahumanneuroneis somewhere between4 and 100 um
= The graphshows the relationship betweenaxondiameterand speed of transmissionin a giant
unmyelinated axonfromasquid and a 'normal’ sized myelinated axon of a mammal
= Despite the axonbeingsignificantlywider, the speed of transmissionis much fasterinthe axon
whichisinsulated byamyelin 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

= Neurones have amain,long, fibre knownas anaxon
= The axons of neurones are surrounded by specialised cells called Schwanncells
= Schwanncells wrap themselves around the axon, formingastructure 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 myelinsheathacts as anelectricalinsulator; impulses cannot pass through the myelinsheath
= The myelinsheathhas small,uninsulated sections inthe gaps betweentheindividual Schwann
cells
= These gaps are called nodes of Ranvier
= FElectricalimpulses effectivelyjump fromone node of Ranvierto the next
= Thisprocessis knownas saltatory conduction
= |tgreatlyspeedsup therate of transmissionof impulses alongmyelinated neurones
= |Innon-myelinated neurones the axonis notinsulated bymyelin,so the impulse travels more
slowly
Diagramtoshowthe myelination of neurones

Animpulse travels down a neurone via saltatory conduction
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Describing a correlation using a correlation coefficient

= Whenstudyingthe relationship betweentwo variables such as diameterormyelinationand
speed oftransmission,itisimportantto collectdatawhichallows us to analyse the strengthof
the correlation
= Correlationis anassociationorrelationship betweenvariables
= Thereisacleardistinctionbetweencorrelationand causation:acorrelationdoes not
necessarily imply acausative relationship
= Causationoccurs whenone variable has aninfluence oris influenced by, another
= Forthevariables discussed here:
= There maybe acorrelationbetweendiameter of aneurone and the speed of impulse
conduction
= There maybe acorrelationbetweenthe myelinationofaneurone and speed of impulse
conduction
= The apparentcorrelationbetweenvariables canbe analysed usingscatter graphs and different
statisticaltests

Correlation between variables

= |norderto getabroad overview of the correlationbetweentwo variables the data points for
bothvariables canbe plotted onascattergraph
= The correlationcoefficient (r)indicates the strengthof the relationship betweenvariables
= Perfectcorrelationoccurs whenallof the datapoints lie onastraight line withacorrelation
coefficientoflor -1
= Correlationcanbe positive or negative
= Positive correlation: as variable Aincreases, variable B increases
= Negative correlation:as variable Aincreases, variable B decreases
= |fthereis no correlationbetweenvariables the correlationcoefficient willbe O

CorrelationinData Graphs

Different types of correlation in scatter graphs
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The correlationcoefficient (R)canbe calculated to determine whetheralinearrelationship
exists betweenvariables and how strong that relationshipis

The coefficient of determination (R?)canthenbe calculated to test the strengthof the
associationbetweenthe variables

Pearson's linear correlation

>X
2y

Pearson's linearcorrelationis astatisticaltest that determines whetherthere is linear
correlationbetween two variables
The datamust:
= Be quantitative
= Shownormaldistribution
Method:
= Step1: Create ascattergraphof datagathered and identifyif alinearcorrelation exists
= Step 2: State anull hypthessis
= Step 3: Use the followingequationto work out Pearson’s correlationcoefficient r
If the correlationcoefficientris close to 1or-lorthe thenit canbe stated that thereis astrong
linearcorrelationbetweenthe two variables and the nullhypothesis canbe rejected

n(Zxy) = (Zx)(Zy)
«/ [HEXZ - (Ex)z] [n2y2 - (Z'y 2]

R=n

=total of the first variable value

=totalof the second variable value

Yxy=sumofthe productofthe firstand second value

yx2=sumof the squares of the first value

Yy2=sumofthe squares of the second value

The coefficient of determination

The coefficient of determination (R?)= ( Pearson correlation coefﬁcient)2

The to find the coefficient of determination...

= Method:
= Step1: Square the value found forR
= Step 2: Convert the value into apercentage
= AnRZvalue of closerto 1(or100%)shows that the variables have astrong correlation, or,you
canpredictthe dependentvariable accuratelyfromthe independent variable
= The nullhypothesis canberejected
= AnRZvalue closerto Oindicates that there is no correlation, or,the dependent variable cannot
be predicted fromthe independent variable

O ExamTip

You will be provided with the formulaforPearson’s linearcorrelationinthe exam.Youneed to be
able to carryout the calculationto testforcorrelation,as youcould be asked to do this inthe
exam.Youshould understand whenitis appropriate to use the different statistical tests that
cropupinthis topic,and the conditions inwhicheachis valid.
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Synapses

Synapses

= Where two neurones meet,theydo notactuallycomeinto physicalcontact witheachother

= |nstead,averysmallgap,known as the synaptic cleft,separates them

= The ends ofthe two neurones,alongwiththe 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 betweenmotor neurones and muscle fibres

Structure of a Synapse Diagram

A synapse
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Release of Neurotransmitters

Synaptic transmission: How do synapses work?

Electricalimpulses cannot jump’across the synaptic cleft
Whenanelectricalimpulse arrives at the end of the axononthe 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 onthe postsynaptic
membrane to open, allowingsodiumions to diffuse into the postsynaptic cell
If enough neurotransmittermolecules bind withreceptors onthe postsynaptic membrane then
anactionpotentialis generated, which then travels down the axonof the postsynaptic neurone
The neurotransmitters are thenbrokendownto prevent continued stimulationof the
postsynaptic neurone

= The enzyme thatbreaks downacetylcholineis acetylcholinesterase

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

Unidirectionality

= Synapses ensure the one-way transmissionofimpulses

= Impulses canonlypassinone directionat synapses because neurotransmitterisreleased on
one side anditsreceptors are onthe other - chemical transmissioncannotoccurinthe
opposite direction

= This prevents impulses fromtravelling the wrong way

Generating a Postsynaptic Potential

= There are over40 differentknownneurotransmitters
= Examplesinclude dopamine and noradrenaline
= One ofthe 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
= Acetylcholineisreleased into the synaptic cleft when ACh-containing vesicles fuse with the
presynaptic membrane,releasing AChmolecules into the synaptic cleft
= AChbinds to specificreceptors onthe postsynaptic membrane,where it cangenerate an
actionpotentialinthe postsynaptic cellbyopeningassociated sodiumionchannels to allow
sodiumionsinto the cytoplasm of the postsynaptic neurone until the threshold levelis achieved
= To preventthe 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 AChis reformed
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