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The brain and the computer

| mm? of cortex

| mm? of a CPU

Mumber of units

50,000 neurons

| million transistors

Connectionsfunit

10,000

2

Total connections

500 million

2 million

Wiring 4 km of axons 0.002 km of wire
Whole brain Whole CPU

Weight 1.3 kg ~0.4kg

Power 0W 2TW

Units 10'" neurons 10? transistors

connections

| % 105

2 % 107

wiring

B million km of axons

2 km of wire

AMD Epyc: 170W, 13140 million transistors, 92million /mm?2
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Hierarchy of description
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Brain of vertebrates (mammals)

as visible with naked eye

Human brain;
Left lateral view

Broca's drea,
tumor lacation (7)

human

Primary
SENsory

Cerebellum
Brain stem
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Sepiem -

1. medulla oblongata
2. pons
3. cerebellum
4. mesencephalon
5. metencephalon
o thalamus
+ hypothalamus
o epithalamus
6. telencephalon
s ganglia basalis
s cOrtex
m paleocortex
m archicortex
>hippocampus, ...
m neocortex
>lobus frontalis
>lobus parietalis
>lobus occipitalis
>lobus temporalis
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Elementary unit of the
nervous system: The neuron

Parts of the neuron:
dendrite
soma
nucleus
axon
initial segment
terminal

synapse
glia

myelin sheath
Ranvier-nodes

Function:
reception
integration

reproduction
transmission

encoding

output

communication
background

speed up
amplification
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Types of

neurons Purkinje cell
Pyramidal cell in the
in the cerebral cerebellum
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microtubules chromatin

nuclear envelope
nuclear pore
nucleolus

mitachondrion nucleus

centriole .
Golgi complex

The cell

with electronmicroscope

. lysosome
vesicle

cytosol

nucleus
cytoplasm
membrane

plasma membrane

. smooth
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Peripheral proteins head
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Different Gases

permeability,

for different Gncharged

iOIlS and fr?n:ll?ercules

molecules
Urea
Large
uncharged
polar
molecules
Charged
polar
molacules

Membrane

transport, trough

proteins

- pumps (+energy!)

- channels

- transporters
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Trough the cell membrane

Forces of 1on transport
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Discovery of the electricity in animals
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Galvani, De Viribus - Electricitatis in Motu Musculari. 1792.

Modellek az idegrendszer-kutatasban

2024 Neuroinformatika, Zaldanyi Ldszlo Lengyel Mété: Biolégiai alapok / 10



The electric neuron: resting potential membrane
with electrode

The phenomenon:
Potential difference between the two side
EC and IC of the membrane

0
40, TN HAD
3

+80

Microelectrods Reference electrode

fillec with in contact with
conducting the solution bathing
galt solution the axon

Axon

Axanal membranea
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Plasrmas

K channel //g
E Primarily

140 mM K+ K ——p K 4 mM K- K

~ channels
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Sodium channel Few Na’
:a_t:.irl:I
channels
open
(R}
_ =
4 mh Cl Cl ﬂ—r—.] Cl 120 mh CI )
Chlaride channal
148 mM A~ 34 mh A
Axonal cytosol Extracellular fluid

Reason:

on the two different sides of the membrane:
. different concentrations of 1ons on

« the two side of the membrane

- different permeability for different

. 10NS
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The generation of the resting potential
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The electric neuron: action potential

with electrode

What is the action potential?
A short change in the membrane

Traveling action potential
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The action potential is an 'all or none' phenomenon

44
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Between two neuron: The synapse

Mere
impulse

mv

—B0 =

Muscls
call

(A 1OM-CHAMMEL LINKED RECEPTOR

& " ons
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(B} G-PROTEIN-LINKED RECEPTOR

ligand

activated
G protein

G protein
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ion channel
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inactive active
catabytic catalytic
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Excitatory and inhibitory postsynaptic potentials

(a) Excitatory synapse

(b} Inhibitory synapse
mv

Resting potentiall _72
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Acetylcholina addad
~70 g ——————

Ionotrophic (A) and
metabotrophic (
receptors

©)

activated

enzyme of
ion channal

Resting potential
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Excitatory and inhibitory neurotransmitters

Glutamat

(information transmission) . S
GABA-gamma aminobutyric acid

Serotonin (in the central neural system)

(mood, wake/sleep)

Acetlicholin
(neuromuscular junc

Noradneraline
(arousal) Glycine
Dopamine (In the periphery)

(reward system,
Parkinson disease,
schizophrenia)

»
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