Bear: Neuroscience: Exploring
the Brain 3e

Chapter 02: Neurons and Glia



Introduction

AiNeurophil osophy?o
I Brain is the origin of mental abilities
A Glia and Neurons

I Glia: Insulates, supports, and nourishes neurons

I Neurons
AProcess information
A Sense environmental changes
ACommunicate changes to other neurons
ACommand body response



ACamillo Golgi (Italy)
Neurons connected

nerve net
VS.

Ramon y Cajal (Spait -
Neurons- separate functional units

Neuron Doctrine or neuron hypothesns

Both won Nobel Prize in 1906
who was right?
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The average human

1011 nheurons = 100,000,000,000
Approximately 1000 synapses per cell
1014 connections = 100,000,000,000,000

10100.,000,000,000,000 nogsible brain states



00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000



10 100,000,000,000,000
possible brain states

A 10,000 zeros on slide

A 1 slide per second

A5 billion years

A Sun 5 billion years old (5 billion left)

A Print out in 12 pt font will stretch to moon
and back 2000 times



|| Membranous structure

Dendrite: Cell extension
that collects information
from other cells

Dendritic spine: Small
protrusions on dendrites
that increase surface area

Nucleus: Central structure containing
the chromosomes and genes

Nuclear membrane: Membrane
surrounding the nucleus

Endoplasmic reticulum: Folded
layers of membrane where
proteins are assembled

Mitochondrion: Structure that
gathers, stores, and releases energy

Golgi body:

Intracellular fluid: Fluid in which the
cell’s internal structures are suspended

| that packages protein
molecules for transport

Microtubules: Tiny tubes that
transport molecules and
help give the cell its shape

Cell membrane: Membrane
surrounding the cell

Axon: Extension that
transmits information from
cell body to other cells

/| Microfilaments: Lysosomes: Sacs
Threadlike fibers containing
making up much of | enzymes that
the cell’s “skeleton” | break down wastes




ADNA = RNA (transcription)

ARNA =—=> proteins (translation)



Cell bodysoma (perikaryon, intracellular, cytosol)
2) Membrane LN
3) Nucleus- where genetic information is locate  /
4) Cytoplasm has organelles (little organs) :
a) Mitochondria (energy)

b) Microtubules (transport ) MAP
c) Microfilaments and Neurofilaments (mtermedlate)

d) Ribosomes (ribonucleic acid RNA)
e) Endoplasmic reticulum (protein products
assembled)

RER indicates lots of products to
secrete

f) Golgi body apparatus(processing proteins
export products)

g) Lysosomegenzymes that break down waste)



The Prototypical Neuron

A The Soma

" Gene expression
" Protein synthesis
" RNA splicing

" Molecular biology

Gene
A
r
Promotor Terminator
DNA
Exon1| Exon2 Exon 3
Intron 1 Intron 2
Transcription
RANA T |
Splicing
(b) mANA << |

Meuroscience: Explaring the Brain, 3rd Ed, Bear, Connaors, and Paradiso Copyright &
2007 Lippincott Williams & Wilkins
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Gene
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' 2
DNA
|
@ | Transcription |
DNA

RNA polymerase

®| RNA pr(icessing |

mRNA
transcript

® [ Export from nucleus |

euroscience: Exploring the Brain, 3rd Ed, Bear, Connors, and Paradiso Copyright @ 2007
Lippincott Williams & Wilkins



Gene
p A \ JUNK?7?7?"

Promotor Terminator

DNA I—L-

Exon 3

Exon 1 Exon 2
Intron 1 Intron 2

RMNA

Splicing

v
(b) mRNA <R

Meuroscience: Explaoring the Brain, 3rd Ed, Bear, Connors, and Faradiso Copyright &
2007 Lippincott Williams & Wilkins




Gene
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RNA polymerase

@I RNA pn;cessing |

mRNA
transcript

Export from nucleus

Cytoplasm

(@)

Neuroscience: Exploring the Brain, 3rd Ed, Bear, Connors, and Paradiso Copyright ® 2007
Lippincott Williams & Wilkins



Free /
ribosome — l fauan =R

mRNA being mRNA being
translated translated
Newly created
/ protein
Newly synthesized
membrane-associated
protein
(a) Protein synthesis on a free (b) Protein synthesis on rough ER

ribosome

Neuroscience: Exploring the Brain, 3rd Ed, Bear, Connors, and Paradiso Copyright ® 2007 Lippincott Williams & Wilkins



Ribosomes Translation assembling proteins from 20 amino ac

Rough ER  Newly synthesized  Golgi
protein apparatus

GOLGI
Sort
And
package

Neuroscience: Exploring the Brain, 3rd Ed, Bear, Connors, and Paradiso Copyright @ 2007 Lippincott Williams & Wilkins

Smooth ER- regulates concentration of ions

(lots in muscles) sarcoplasmic reticulum
Rough ER LOTS in neurons
Also FREE ribosomes



How are neuronsdifferent»

DNA that Is transcribegback in nucleus)

(translation depends on transcription)



genes and environme



A recessively inherited disordgahenyketonurigPKU)
Interaction of genes and environment

I 11in 10,000 to 15,000 births
I Liver does not produce enzyme (phenylalampeéroxylasé

I accumulate amino acid phenylalanine and its derivative
phenypyruvaten the blood to toxic levels

I mental retardation

| a special diet low iphenyalalanin@isually promotes normal
development



Target Your Food Choices

refried beans

steak

chicken
ow=protein breads
and pasta

pork choeps

nuts

Phenyl-Free
juices

Bgas hamburger

vegetahles

cheese peanut butter

Also Equal and Nutrasweet



LeschNyhan disease

1in 400,000 male children
compulsive self-injury
also attempt to injure or otherwise abuse others (emotional self-injury)

HPRT (enzyme) gene on the X chromosome
-meaning?



Enzyme HPRT catalyzes breakdown
of uric acid

Compulsive seHnjury
Including emotional?

GABA DOPAMINE ACh



How are neuronsdifferent»

neurites
DENDRITES w/SPINes
or w/o spines

AXONS &hillocks

(a.k.a. nend footo

Anter mi nal buttono

RECURRENT COLLATERALS

SYNAPSES



Dendrites

(A) (B) (C)
Axon from
another neuron

Dendrite —

Nucleus
Nucleolus
Cell body —

Axon—————

hillock

Axon—

b Teleodendria

Dendrites from
neighboring neuron



Dendrites
spiny

aspinous

mental retardation and spines

Axon length

Golgi 1
Golgi Il

Dendrite from a Dendrite from
normal infant a mentally
retarded infant

10 um

(projection)
(local circuit)

Same across speciegven size is statistically insignificant



Some components distributed selective

RER & ribosomes only in somaand dendrite

Synaptic vesiclesaxons

Some not
Mitochondria are in cell body, dendrites and axo|

axoplasmic transportanterograde and retrograde



The Prototypical Neuron

A The Soma

I Rough Endoplasmic
Reticulum (ER)

AMaijor site for protein
synthesis (export)

Z4_ Nuclear
envelope

=— Nuclear
pore

AFree ribosomes (stay in Ce||) s
APolyribosomes

Rough ER Ribosomes
uroscience: Exploring the Brain, 3rd Ed, B i i



The Prototypical Neuron

A The Soma

I Smooth ER and Golgi Apparatus

A Sites for preparing/sorting proteins for delivery to
different cell regions (trafficking) and regulating
substances

Rough ER Newly synthesized ~ Golgi
protein apparatus




A The Soma

I Mitochondrion

A Site of cellular respiration
(inhale and exhale)

AKrebs cycle
AATP-cel | 6s ener




The Prototypical Neuron

A The Neuronal Membrane
| Barrier that encloses cytoplasm
I ~5 nm thick
I Protein concentration in membrane varies

| Structure of discrete membrane regions
Influences neuronal function



The Prototypical Neuron

N7 -
A The Cytoskeleton W e
i Not static (polymerization) S
I Internal scaffolding of neuronal A~
membranecytoskeleton WL

T Three Aboneso

AMicrotubules (MAPS AD) B
AMicrofilaments (muscles, growth con j
ANeurofilaments (intermediate) &




Figure 2.13

(a) The cytoskeleton. (b) Components of the cytoskeleton. The arrangement of microtubules, neurofilaments, and

microfilaments gives the neuron its characteristic shape.

Tubulin
molecule
—— Actin
molecule
10 nlnN“
(b) Microtubule Neurofilament Microfilament

@ 2001 Lippincott Williams & Wilkins

STRONG

SHAPE



The Prototypical Neuron
A The Axon

I Axoplasmic transport

I Anterograde (soma to terminal) vs. Retrograde
(terminal to soma) transport

Kinesin

Neuroscience: Exploring the Brain, 3rd Ed, Bear, Connors, and Paradiso Copyright



Transport
fast- 100mm/day

slowi 1-10mm/day

anterograde
legs kinesin

retrograde

0| edysem

Figure 2.16

A mechanism for the movement of material on the microtubules of the axon. Trapped in
membrane-enclosed vesicles, material is transported from the soma to the axon terminal
by the action of the protein kinesin, which "walks" along microtubules at the expense of ATP.

Direction of
anterograde
transport

Vesicle

Microtubules

©2001 Lippincett Wilkams & Wilkine



colchicine - crocus (colchi-seen)

Microtubules L
Treats gout l
(antrinflammatory)

also transport related

IRP horseradish peroxidase
VIruses



Courtesy of Dr. John Morrison and modified from Vickers et al., 1994.)

© 2001 Lippincott Williams & Wilkins

viable tau (tangles) superimposed
neurofilaments




WHEN GOOD NEURONS GO BAD

AD 1T 1907 ALOIS ALZHEIMER
18 million people worldwide

5.3 million in US

by 2025 34 million

1. plaques (deposits of beta amyloid)
2. neurofibrillary tangles (tatDisregulation of microtubul@ssociatec

protein (MAP) cytoskelton extra phosphate groups)

Amyloid and Tau cause or trash?

use immune system? vaccine with amyloid?
block phosphate



WILL | GET IT?

5% - EARLY ONSET
2 PRESENILLIN GENES chromosome 1, 14

one cuts betdAPP (may be enzyme gamma secretase)

WHEN MUTATED- beta amyloid increases (plagues)

would you want to know?



The Prototypical Neuron

A The Axon

I The Axon Terminal

ADifferences between the cytoplasm of axon terminal
and axon
I No microtubules in terminal
I Presence of synaptic vesicles
I Abundance of membrane proteins
I Large number of mitochondria



The Prototypical Neuron

A The Axon
I Synapse
A Synaptic transmission

axon terminal

AElectricalto-chemicalto-electrical -
transformation

ASynaptic transmission dysfunctiot —=——
I Mental and physical disorders

vesicles

Synaptic

Neuroscience: Exploring the Brain, 3rd Ed, Bear, Connors, and Paradiso Copyright @ 2007 Lippincott



Two kinds of synapses

1. conventionacleft 20- 50nm)
communication - SYNAPTIC TRANSMISSION

2 . Ngap 4dppxrexnh)i O

a.k.a electrical synapses

prominent in development
not tight junctions



The Prototypical Neuron

A Dendrites
inAntennaeo of neur ons
I Dendritic tree
| Synapse receptors
I Dendritic spines
A Postsynaptic (receives signals from axon terminal)



Classifying Neurons

A Classification Based on
the Number of Neurites |
i Single neurite ©
AUnipolar ]
i Two or more neurites NIy
ABipolar-twe
AMultipolar- more than 2R Ns

tWO Multipolar

Meuroscience: Explaring the Brain, 3rd Ed, Bear, Connors, and



Figure 2.19
Classification of neurons based on the number of neurites.

- Soma

# of neurites 4

Unipolar
Bipolari simple (retina) Q)
\\:/ J
Bipolar

Somatosensorly
complicated  (skin) < Y/

N 7
\":-’::.--.\':___ N l | o /'z} _-‘
».__-QQ ) . /,/_ - _:::.._\
( ( TN
i R
& / \\'.'v .\\ —_—
s I":'.
%
Multipolar

&) 2001 | Ipaincatt Willama & Wikins



Classifying Ne

A Classification Based on
Dendritic and Somatic
Morphologies
I Stellate cells (star

shaped) and pyramidal
cells (pyramidshaped)

I Spiny or aspinous

Neuroscience: Exploring the Brain, 3rd Ed, Bear, Connors, and Paradiso Copyright @ 2007 Lippincott



Classifying Neurons

A Further Classification

I By connections within the CNS

APrimary Sensory neurons, motor neurons,
Interneurons

I Based on axonal length
AGolgi Type |
AGolgi Type Il
| Based on neurotransmitter type
Ae.g.,i Cholinergic = Acetycholine at synapses



Types of neurons

connections
Sensory

Interneuron

Stellate

Pyramidal

Purkinje
Motor

(A) Sensory neurons

Bring information ta the
central nervous system

Bipolar neuron
(retina)

Somatosensory neuron
{skin, muscle)

{B) Interneurons

Associate sensory
and motar activity
in the central
nervous system

Dendrites
-
Axon— =
O
Association cell Pyramidal cell Purkinje cell
(thalamus) {cortex) {cerebellum)

{C) Motor neurons

Send signals from
the brain and spinal
cord to muscles

Motor neuron
{spinal cord)



Discoverer CajatRetzius cells
Purkinje cells

Properties  Shape (pyramidal, bipolar)
Transmitter (glutaminergic)

Role Motor neurons
Excitatory or inhibitory neurons

Location Primary or secondary input
(secondary called relay)

Same across speciegven size is statistically insignificant



Glia
A Function of Glia
I Supports neuronal

functions /’;
A Astrocytes g
I Most numerous glia in th
bran e
I Fill spaces between
neurons

I Influence neurite growth



1) Ependymal cellfine ventricles,
secrete CSkchoroid plexus)
Shock absorber (?)
Aid in waste elimination (spinal tap )
Cooling (?)
Nutrition (?)

Lateral
= ventricles

Hydrocephalus <! 1wm

4t ventricle "

ventricle

ventricle




2) Astrocytes (stahke)
Structure
Support
Protection from injury
*Feet f obmainrb | mardr | ¢
Help regulate blood flow?

Note: some astrocytes DO signal back and forth to neurons



Blood-brain Barrier

network of glial cell feet (not an entity)
develops over time

Lets in:Blood gases such as oxygen and small

nutritional molecules. o ;
N\ R g e el /

Keeps out: N\ L Y

viruses, bacteria >\ &

and other toxins. ptooye —

Alcohol crosses it. / ////

LI m ItS K+ : f;f(séilinated



UIY wiaii ainu spindal Lwiu aiv 1w uuia mmawi, uiv aracviinviu mwinwviane, anu
the pia mater.

Dura mater
Subdural - o ——=
space
Arachnoid g
rachnoi - o —
membrane \ ,
Subarachnoid ¥
space )
A\
Pia mater | ‘)\ >
Artery /,/ \
¥ 4
Brain
(b)

9 2001 Lippincott Williams & Wilkins

CNS- brain andspinal cord



A HIV -associated dementia

*VIrus crosses BB
*targets macrophages
*triggers toxins
*INnstructs neurons to die



HOW DO WE DELIVER DRUGS TO BRAIM

only blood gases and smaII nutrltlonal molecules?

Astrocyte cell

VIFUSES = (@ £~ Blood vessel
ultrasound |
Glial feet .
(form the
sheath that Glucose \—Transporter
Is the blood-

brain barrier)

Cells of
[ capillary
U . Tight junction

Brain






