


Introduction to Applied
Neuroscience

« Course Basics
 Introduction to Principles of Neuroscience
* Discussion of Brain Anatomy



Define Neuroscience




Input
(Sensory)

 What is inside?
 \What does it do?
« How does it do 1t?

Output
/~ Motion )
Emotions
Personality
Language

Behavior



Biology in Neuroscience




Chemistry in Neuroscience
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Math and Physics in Neuroscience
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Computation in Neuroscience




What does the study of
neuroscience entail?

« Synthesizing multiple disciplines
« Collaborating across fields
* Using multiple model systems
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A Review of Fundamental
Concepts



Cell Structure




Cellular Identity
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Cells of Various Shapes

Different subsets of genes are expressed in different

cells, allowing cellular diversity




Genes and DNA

 All genetic information is
stored in chromosomes

e Chromosomes contain
genes.

« Genes are made of DNA




The Central Dogma

DNA —} RNA —} Proteins

Transcription  Translation

Replication




The Central Dogma
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Proteins

« Chains of amino acids held
together by peptide bonds

* They have complicated 3D
structures

 Essential parts of organisms and
participate in virtually every
process within cells

Primary structure
amino acid sequence

Secondary structure
regular sub-structures

Tertiary structure
three-dimensional structure

Quaternary structure
complex of protein molecules



Immunofluorescence of Cells

GREEN = neurons
RED = astrocytes
BLUE = nuclei




The nervous system is a network
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. Central Nervous System (CNS)
B Peripheral Nervous System (PNS)

inal Cord

ererer




Cells of the brain

1. NEURONS



* The human brain contains 100 billion neurons.
« Each neuron can ‘pass information’

— How does information travel through a
neuron?



1) The Neuron Doctrine

The neuron is the basic cellular component of brain circuits




Messages from
other neurons are

m collected here
Z Messages are

O read here
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The brain is made up of small building blocks called
neurons. They connect and send messages to each other.

These neurons act like telephone lines
passing messages from one area of the
brain to another.




Motor neuron

dendrites

soma/ ‘
cell body

axon

axon e
terminal

— Receive signals

— Transmit signals

(action potentials)

Information



Neurons
@ communicate
~ with each other
by electrical and
chemical signals

Society for Neurosc ience
Brain Facts, 2008



Neurons have diverse forms and

functions




Neuronal Diversity

« Even within the brain, groups of neurons
express specific subsets of genes, leading to
diversity within neurons

— Morphology (shape)

— Location within the brain

— Connections with other neurons
— Function



The Neuron

The neuron is the basic cellular component of brain circuits
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Neuronal Classification by
Connection

Model Sensory Motor Local Projection Neuroendocrine
neuron neuron neuron interneuron interneuron cell
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Neuronal Diversity by Morphology
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Cells of the brain

1. NEURONS
2. GLIA



Glia

A Oligodendrocyte B Schwann cell

Layers
of myelin

Schwann
cell

Nodes of
Ranvier

Nucleus

Inner

tongue AXOn

Central nervous system: oligodendrocytes, astrocytes
Peripheral nervous system: Schwann cells

Although there are about
100 billion neurons in the
brain, there may be about 10
to 50 times that many

glial cells in the brain.
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PARIETAL LOBE

~ PONS > TEMPORAL LOBE

OCCIPITAL LOBE / % MEDULLA OBLONGATA

CEREBELLUM o SPINAL CORD



PARIETAL LOBE

Prefrontal
Cortex

FRONTAL LOBE

PONS . TEMPORAL LOBE

CEREBELLUM ~ SPINAL CORD

MRI- Magnetic Resonance Imaging



A Rostral-caudal and dorsal-ventral axes
Dorsal

Rostral I Caudal

Rostral Caudal

Ventral
(inferior)

A
| W

Ventral
(anterior)

(posterior)

Neuroanatomy
Terminology



A Rostral-caudal and dorsal-ventral axes B Medial-lateral axis
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Neuroanatomy
Terminology
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C Section planes
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Neuroanatomy &
Terminology ——




Central sulcus

Parietal lobe
Frontal

lobe

Occipital
lobe

Lateral
sulcus

Temporal
lobe

Medulla Cerebellum

Spinal cord

Neuroanatomy
Terminology



Central sulcus

Parietal lobe
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Neuroanatomy
Terminology
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Neuroanatomy Terminology

Ipsilateral same side
Contralateral opposite side
Afferent arriving

Efferent exiting



