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Synapses and
Neural Networks

éwe are |led to t
a twig of the [ a
is not continuous with but merely

in contact with the substance of the
dendrite or cell body on which it
impinges. Such a connection of
one nerve cell with another might
be called asynapsis

Charles Scott Sherrington in
Mi c h a el Tektlmosktoe r 6 s
Physiology(1897)

Graham Johnson, 200

The essence of the human brain is in its syna

The word oOsynapseo was first usedTbyxt Bbakl ef

Physi.olTohgey synapse is the place where one neur
etymol ogyhapmkeinescdbme in contact, touchbo Wi
Sherrington and Foster had initially consider
names with a Greek scholar at Cambridge, A. W
prefermpsedeongygymat act) This fits with the neur
separate from each other though iIin contact

Al t hough proposed in 1897, the synapse was no
neurophysiology eBowaedcthatnetdhe heymamsd | yv and
showed the anatomical structure of the synaps
There 4fQAagidMearon synapses in the human brain.

The pattern of their activity encodes the sou

Last week we tal ked abnoeudt at hree snte unrgo nme nhborva niet p

(pol arization), how an action potential <could
| evel (excitation) and how this action potent
Today we shall eansenwiheaer i Whataltdpps the axon te

information to another neuron across a synaps
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Structure | &

of Synapsef

Synaptic

Bouton

Synaptic |

Cleft

Dendritic

Spine
The synapse was not fully visualized until th
anatomists could see structures t hiatenduggdgaest e
spines and syrn aepxta ncp lbeo.u ttbonwse, v efroo Gol gi st ai ns
neurons involved in a synapse and, when they
Thi s enhieccrtasocnope sl i de shows an axonal ter mine
dendrispine. Within the bouton are multiple sy
some mitochondria to provide the energy for s
Bet ween the axonal terminalt meds trhmaptsipe nel &fhte.
The postcswyeamptr ainiet icso nftuaziznys speci al receptors

the neurotransmitter released at the presynap

Synaptic Bouton

Neurotubule

Synaptic
Vesicle

L

Active Zone
Wilhelm et al., 2014
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Teprecedilmgtration is from a recent study ana
of the synaptic bouton. Each color represents
Most striking are the neurotubules which tran

synagpptvesicles which contain the neurotransmit

Among the proteins in the cytoplasm are enzym
Speci al proteins attached to t heitnheenba catniev ea dz c
ifopen t hse twesrieclleease the transmitter into the
Ot her proteins in the membrane form channel s
bring the transmitter back into the presynapt

Membrane Proteins

Uncharged molecules can diffuse through the phospholipid membrane but
charged particles cannot. These can go through special protein channels in
the membrane. Other membrane proteins act as pumps to move particular
molecules into or out of the neuron. Some regions of the membrane contain
special receptors that react with transmitters to open up ion channels. Near
the receptors are enzymes that can break down the transmitters.

Outside
Pump Enzyme
HIEE | DB i
Channel Receptor ihsids

Thi s srloindd aisst fweekds | ectur e. Then we were th
excitation and conduction of the neuronés mem
sodium pump which was essential to maintainin
vdla-gensi tive sodium channel which was transi e
and thpotebhtioal gener at ed.

The function of the synapsaddist itagmals memh roaan e

I n the presynaptiacememecaaé thécium channel s.
presynaptic bouton and the calcium initiates
vesicl es.

I n the postsynaptic membrangatéerieodhelseecelps
receptors interact with the neurotransmitter
The neurotransmitter may be broken down by sp
Or it may be taken back up into the synaptic
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Synaptic
Transmission

neurofilament

neurotubule " _
vesicle empties itself

into synaptic cleft

synaptic bouton — 4 ' (exocytosis)

synaptic vesicle neurotransmitter

SYNAptic ARt ion channel

postsynaptic

membrane channel opened by

neurotransmitter

This il lustration shows the release of neurot
When an action potenti al reaches the synaptic
vesicles into the synaptic cleft.
The transmitter attachke pbostebtynapt acegpteand B A n
ion channel. This opens to allow ions to ente
membr ane potential.
Il nf ormati on has been transmitted from one neu

1. Action potentials arrive 3. Synaptic vesicles 5. Transmitter opens post-

at synaptic bouton undergo exocytosis synaptic sodium channels

2. Voltage-sensitive 4. Transmitter released 6. Sodium enters postsynaptic
presynaptic calcium into synaptic cleft finds neuron decreasing its trans-
channels open postsynaptic receptors membrane potential

This slide shdwsvtemd ssaqpuamge synaptic transmi
shows an excitatory synapse. | f sufficient <ch
reach threshold and an action potentiall would
were activated by t ke nmeurict rmembmiatntee rp,0 tteme i pa
making it more difficultidrm iarchii lviatter ¥ hey mpaEsd ¢
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Thi s ani mation s

h o
At this synapse th
od

ws what hapepesngnamteinc amo atco
e tr@aastmi maleeculsgpapicedydgil che ||
[

channel i s for S um.
The video is avail abl e at
https:// www. vyvoutube. com/ watch?v=CIltFCbbi OVw

This snowwieng tihse fsryonhehp&sadd @ maBno oBkr ai n


https://www.youtube.com/watch?v=CltFCbbi0Vw
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Synaptic Transmission Action
-l Potential
Action potential causes release of 3 ;‘
neurotransmitter into synaptic cleft ()
- 1
’\
Neurotransmitter binds with specifc q HF
receptors on postsynaptic membrane
This opens ion channels. Depending e
upon which channel is opened H F
postysnaptic membrane potential q s
may increase or decrease.
Postysnaptic
o Potentials
Neurotransmitter is then either broken (3
down or taken back up into synaptic #
bouton.
This diagram summari zes the steps involved in

Note that t hesyrdptcitc ome mthrearpeosmhay be either t
membr ane potenti al

This depends upon which i1 on channels are open
The synapse may therefore be either excitator

The effect of tilne utard drys riatstte mgi 9 el wieeefn sever a
tens of miltlriamesanondsxe.r Te ei t her-albhg orkleend diowtno b
presynaptic bowgtoamk doy tsrpaercs madr tiegres .

John Eccles (19031997)

John Eccles was born in Australia.
Though trained in medicine he
became more interested in basic
neurophysiology. He was awarded &
Rhodes scholarship to study with C.
S. Sherrington at Oxford. Though he
initially thought that the synapse wagd
electrical, his experiments showed
that is was chemical. He was the firs
to record excitatory and inhibitory
post synaptic potentials. He shared
the Nobel Prize with Hodgkin and
Huxley in 1963. In his later life he
i¥ wrote extensively about the relations
between brain and mind.
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John Eccles was the scientist who first clear
He initially tfhwruogthitonendtb ys ydiarpescets el ectri cal
anot her . However, his experiments showed ot he

He was adtoinvd fiimcattheAcademy of Sciences, and o
t hBer ain and Cons(cli9ooues) .ExAp d raiteemr ThH en fJ3 eulefn tanad Ibtos
(1977) with Karl Popper. Phil osophy comes ea

Synaptic Transmission
Dendrite
. Excitatory
Excitatory M Postsynaptic
Input ) Potentials
|:C| Excitatory
Synapse Spread to
Cell Body
Threshold
Exceeded
Axon at Axon Hillock
Hillock
Action
JJL Potentials
Axon
This shows what happen electrically at a sim
pyrami dal reewrhorali n:orh
Each arriving action potential releases trans

Mul t i pl e -rterlaenassneist tcearuse a summating excitatory

This spreads to the celll b odye adnedc rtehaesne tion tthhee
potentials with th spread.

The axon hillodé&peondéndai nsodiobmaglkeannel s and i
t hereaaches threshold it generates action poten

These action potentials are conducted down th

Thusetih®ra simple transmission of excitation
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Synaptic Circuits Bendits
Excitatory Excitatory
Input = ;_r Synapse
Inhibitory
Synapse
Axon
Hillock
Inhibitory
Interneuron
Excitatory Collateral
Synapse Branch
Axon
The cortex contains multiple synapses. Some a
An inhibitory transmitter causes the postsyna
this byi bpbenemg don channels from thos opene:
it may open potassium or chloride hannels ra
transmitters. A more negative potgehntltaol tmaleesd
for excitation.
I n this illustration, a collateral branch of
an inhibitory interneuron that feeds back ont
Synaptic Integration
Dendrite
_ Excitatory
Excitatory Postsynaptic
Input ) Potentials
IICIEXCltatory
Synapse Integration of
Excitatory and
Inhibitory Inputs
Inhibitory
Synapse 7
Threshold
Inhibitory Exceeded
Post ti t Axon Hillock
roeniae [ B wontilee
Action
Inhibitory Potentials
Input Axon
This i1l lustration shows swhmatptacan cbe cuedcor ded
Excitation of the dendrite causes action pote
Axon col |l ater alne utrlbenrs & chtaitv a&toen nierctterback t o t h
The interenseurnohn bciausohhiag it edeletdiyme otuggk ¢ n t o
the interneuron and for it to release its 1inh
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The result is a cortical cell that responds t
The neuron thus iihbegha¢asmidadindopiitiosyi nputs d
whet her to respond of not.

Spinal Cord Cross-Sections

Cervical (
Dorsal View: Thoracic
Spinal

cord

Cauda
equina

Lumbar

Sacral

Cauda
equina

To

under st and

how s

ynapses function in the ne
This descends within the vertebral canal from
mi-dumbar regi on.
The spinal cord is enlarged in the neck and |
required to innervate the arms and the | egs
From the | owest point of the spinal cord (at
and sacr al nerves extend dowiicanda équgerabund
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Spinal Cord

Epidural

Space

Subdural
Space

Spinous Process

Pia mater
Arachnoid
Dura mater

Dorsal Transverse
Root process
: Dorsal Root
Ganglion
Ventral B
Root Vertebral
Body
This cross section shows t hien stphemaneclord with
The spinal cord has tihpei as ameet ecro,v earri ancghsn oaisd tahnec
space between the bone and the dura is where
On each side of the cord are two spinal ner ve
information into the cord and the ventral ner
The cel |l bodies of the dograsnagll inoenr.v eT hrioso ti sarleoc
nerve root exits the spinal canal
The cel |l bodies of the ventral nerve root are
Spinal Cord CrossSection
Cell Stain 5 Fiber Stain
orsal
Columns
Dorsal Dorsal Nerve
Horn Root
White Matter Pyramidal
(fibers) Tract in
’ Ry o3 %8 Lateral Column
GrayMatter%, ot S i Spinothalamic
(neurons) 3 \ s Tract
Ventral \ Ventral Nerve
Horn Rootlets
This slide i1illustrates the contents of the sp
The cel |l bodi es od ithhegmawrmatst @ar.e | lteatner ve
matter. The white matter is white because of
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The gray matter is divided into the dorsal h o
incomingbeessoagdfihe ventr al horn which cont
the muscl es.
The fibers in the spinal cord go up and down
The main connections are the
dorsal columns which carry fine touch sens
pyramidal tracts which carry motor instruc
horn
| ateral spinothalamic tract which carries

Charles Scott Sherrington

Sherrington studied the spinal
reflexes of thelecerebrateat. He
postulated an integration of sensory
information at 0
spinal cord. He shared the Nobel

Prize with Edgar Adrian in 1932.

Stainedglass
memorial
window in
Cambridge
showing
synaptic
integration.

Charles Scott Sherrington (184952)
Portrait by Reginald Eves, 1927

0 gR erth ayhso myt udn |

Sherrington was a neur ophyisdm.l
nded the same school as

to fame is that I attend

Edgar Adrian, wibhhredoinh8h & p bwahsg Ptohnez gs ciine nlt9i 3s2t
descri bednotnheedo flaalw of newmrtonwael driscpuerseas | ast

Shreri ngton proposed that synapses allowed info
The stained glass window in Cambridge is base
i nput being integrated befomgeilnegdeci vegntto adutrm
spinal <canal . Each input excites motor neuron
the individual responses, betfaaucel ahieom .n@ uAlst |

i mmortalized in gtsainmed mglcdhs ss,t uald eldu snioawn
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Stretch Reflex
Dorsal root  Spinal
ganglion cord
Stretch Muscle
receptor  innervation
Quadriceps
Patella
Tendon
tap ad Ventral
Hamstrings root neuron
Femur
Tibia
1. Tap activates stretch receptors in muscle spindles.
2. Sensory neurons synapse with motor neurons in spinal cord.
3. Motor neurons activate muscle fibers causing contraction.
The patellar reflex (knee jerk) is a simple r
Tapping the tendon briefly I engthens the musc
fibers in the muscle (blue)
The stretch information is conducted to the s
The sensory fibers synapse with the motor neu
ventr al horn of the gray matter in the spinal
The motor neumpounliss esse nwdhiocuht acti vate the quadri
contimadkt ng the | ower | eg (tibia) swing forwar
Patell ar Refl ex (n
Patient suffered a stroke (cerebrovascular accident) involving the left cere
hemisphere and now has weakness on the right side.
The stretch reflex can become hyperactive fol
This patient has a hyperactive reflex on his
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Stretch-Receptors in Muscle Spindle

Axon of Gamma

ML_JSC|e Motor Neuron
Fibers

Axon of Alpha
Motor Neuron

e e N A e A A R A A R A A A A -

Capsule of StretchSensitive Contractile Portion
Spindle Sensory Fibers of Spindle

The stretch receptors in a muscle are | ocated
The sensitivity of the receptohecamnsbleapdpusi
the spindle. This is done through gamma (or b
Al pha mot or neurons activate the actual mus c |
muscle and moving the | i mb.

As well as evoking udiengnotntbes yqnuagdriicc appd |tex a«ar
receptors also connect to inhibitory interneu
going to the hamstrings. This ensures that th
contract



