Cell membranes and cell
interactions
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Cell-cell communication

EXTRACELLULAR SIGNAL MOLECULE
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— plasma membrane of
target cell
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When things change, cell respond!
Every cell, monitors its intracellular
and extracellular environment,
processes the information it
gathers, and responds accordingly.
(homeostasis).

Communication between cells in
multicellular organisms is
mediated mainly by extracellular
signal molecules.
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Communication needs long and short range signhaling
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To coordinate their answer, cells
needs to react fast and efficiently.
For that, they use chemical
signaling.

Integration and coordination occurs
in the nervous system and in the
endocrinus and immuno systems.

Many of the same types of signaling
molecules are used in paracrine,
synaptic, and endocrine signaling;
the crucial differences lie in the
speed and selectivity with which the
signals are delivered to their target.

Autocrine signaling. Cancer cells, for example, often produce extracellular signals that
stimulate their own survival and proliferation



Cell-cell communication over large distances occurs mainly through nerve
cells, or neurons, which typically extend long, branching processes (axons)
that enable them to contact target cells far away, where the processes
terminate at the specialized sites of signal transmission known as chemical
synapses.

When a neuron is activated by stimuli from other nerve cells, it sends
electrical impulses (action potentials) rapidly along its axon; when the
impulse reaches the synapse at the end of the axon, it triggers secretion of a
chemical signal that acts as a neurotransmitter. The tightly organized
structure of the synapse ensures that the neurotransmitter is delivered
specifically to receptors on the postsynaptic target cell.

Membranes play a fundamental role in neural and more generally in cell-cell
communications



Cell membranes

® biological membranes are fluid

= the fluidity is controlled by the %
of saturated/unsaturated fatty
acid and the % of cholesterol
" membranes are impermeable to
ions and most polar molecules
= many proteins are embedded in the
membrane
= the membrane is highly asymmetric
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Cell membrane: an optimized 2D fluid system
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Fatty acids

Carboxylic acids with long hydrocarbon chains (12-24 -CH-- units)

C18 C16 C18

COOH COOH COOH Some have one or more double bonds and are called
| | | L

Chy G, O, unsaturated. The double bond is rigid and creates a
CH, CM, CM, kink in the chain; the rest of the chain is free to rotate

l ' | Stearic acid - saturated Oleic acid - unsaturated

CH, CH, CH,

hydrophobic tail

hydrophobic tail
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Fatty acids are used as E storage

o] fatty acids
To ensure a continuous supply of fuel for Il /

oxidative metabolism, animal cells store CH,—0—C-
glucose in the form of glycogen and fatty
acids in the form of fats.

A fat molecule is composed of three molecules
of fatty acid linked to glycerol: triacylglycerols O
(triglycerides). CH,—O—CH

glycerol
O
O

Fat is a far more important storage form than
glycogen, because its oxidation releases more
than six times as much energy.

Triglycerides have no charge and are virtually
insoluble in water, coalescing into droplets in the
cytosol of adipose cells.




Phospholipids

In phospholipids, two of the OH groups of glycerol are linked to fatty acids,
while the third is linked to a phosphate group, which can be further linked
to a polar group such as choline, serine, inositol, etc...

choline

phosphate ery asymmetric
glycerol molecule:
- hydrophilic HEAD
- hydrop@bic TAIL

polar head

fatty acids

hydrophobic tail




Phospholipids and membranes

Phospholipids are the major constituent of cell membranes.

When in aqueous environment the heads have
affinity for the water molecules, while the tails ﬁ M/t}‘/’lﬂ

tend to avoid water by sticking together.

Cellular membranes are essentially made up by

phospholipid bilayers.
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Cholesterol and steroids

Steroids (such as cholesterol) have a rigid structure made up by 4 rings.
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eukaryotic membranes and has a key role in T
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Cell membrane: an optimized 2D fluid system

Membrane fluidity depends on the type of lipid:

Saturated lipid are more ordered, therefore mode rigid then the unsaturated ones
Cholesterol is hydrophobic, but reacts with a OH" group with the hydrophilic heads of
neighbor phospholipids

Low T: chol is a spacer, keeping fluidity high

High T: chol stabilize the membrane (sealing)



Type and function of membrane proteins

Associated with
outer monolayer
(GPl-anchor proteins)

Transmembrane proteins ®
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monolayer

Trans-membrane proteins cross the bilayer as (1) a single a helix, (2) as multiple a
helices, or (3) as a B barrel. Other membrane proteins are exposed at only one side of
the membrane. (4) Some of these are anchored to the cytosolic surface by an
amphipathic a helix that partitions into the cytosolic monolayer of the lipid bilayer
through the hydrophobic face of the helix. (5) Others are attached to the bilayer solely
by a covalently attached lipid chain or, (6) via an oligosaccharide linker, to
phosphatidylinositol in the non-cytosolic monolayer. (7, 8) many proteins are

attached to the membrane only by non-covalent interactions with other membrane

nrntoinc



Type and function of transmembrane proteins

(a) Ancoraggio. Alcune proteine
di membrana, per esempio
lei ine, I Hula H H H
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ed inoltre si connettono
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Passive and Active Transport
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Figure 11-4 Different forms of
membrane transport and the influence
of the membrane. Passive transport

down a concentration gradient (or an
electrochemical gradient—see B below)
occurs spontaneously, by diffusion, either
through the lipid bilayer directly or through
channels or passive transporters. By
contrast, active transport requires an input
of metabolic energy and is always mediated
by transporters that pump the solute
against its concentration or electrochemical
gradient. (B) The electrochemical gradient
of a charged solute (an ion) affects its
transport. This gradient combines the
membrane potential and the concentration
gradient of the solute. The electrical and
chemical gradients can work additively to
increase the driving force on an ion across
the membrane (middle) or can work against
each other (right).

All channels and many transporters allow solutes to cross the membrane
only passively (“downhill”), a process called passive transport.



Membrane electrical potential

TABLE 11-1
Component ‘ Cytoplasmic concentration Extracellular concentration
(mM) | (mM)
Cations
Na* 5-15 145
K+ 140 5
Mg?+ 0.5 1-2
_ Ca2+ 10~ 1-2
Endotelio Membrana
Eritrocita capillare cellulare H* 7x10%(1072MorpH7.2) = 4x105(1074MorpH 7.4)
| Anions
Cr 5-15 110

*The cell must contain equal quantities of positive and negative charges (that is, it must be
electrically neutral). Thus, in addition to CI~, the cell contains many other anions not listed in
this table; in fact, most cell constituents are negatively charged (HCO3~, PO4%-, nucleic acids,
metabolites carrying phosphate and carboxyl groups, etc.). The concentrations of

m o mM
[Na'] =142 [Na'l =145 [Na'] =12

[K]=4 [I§+] =4 [|§+] =140 Ca?* and Mg2* given are for the free ions: although there is a total of about 20 mM Mg2* and
[Ca2“1 =25 [Ca]=1-2 [Ca™] < 0,0001 1-2 mM Ca2* in cells, both ions are mostly bound to other substances (such as proteins, free
[Mg21 =11 [Mg2+] =0,6 {Mgﬂ] =16 nucleotides, RNA, etc.) and, for Ca2*, stored within various organelles.

[CI']=104 [Cl]=117 [Cl1=4
[HCO3] = 24 [HCO3] = 27 [HCO3] =12

[A]=138

Liquido intracellulare

. Liguido interstiziale

Plasma




Passive Transport Is driven by concentration gradient

solute Figure 11-3 Transporters and channel

. proteins. (A) A transporter alternates
lipid . between two conformations, so that
1p1 — i 4 ¥ . v
bilayer /. — the solute-binding site is sequentially
solute-binding site

N accessible on one side of the bilayer

& and then on the other. (B) In contrast, a
channel protein forms a pore across the
bilayer through which specific solutes can

(A) TRANSPORTER (B) CHANNEL PROTEIN passively diffuse.

Transporters (carriers, or permeases) bind the specific solute to be transported and undergo a series of
conformational changes that alternately expose solute-binding sites on one side of the membrane and then
on the other to transfer the solute across it.

Channels, interact with the solute to be transported much more weakly. They form continuous pores that
extend across the lipid bilayer. When open, these pores allow specific solutes to pass through them and
thereby cross the membrane. Much faster rate than transport mediated by transporters. Cells use dedicated
channel proteins (called water channels, or aquaporins) that greatly increase the permeability of their

membranes to water.



Membrane permeability: simple diffusion

02

co:
HYDROPHOBIC - —
MOLECULES

steroid

Non selective; No saturation; Drives to equilibrium

SVALL | H.0

Small hydrophobic molecules (impermeable to polar molecules) UNCHARGED | -

Small non charged polar molecules (H20, ethanol)

Gas (CO2, 02, N2)

Simple diffusion (PASSIVE!!
depends on the thermal motion
of molecules

J = flux depends on:

C2-C1

Partition coefficient
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Membrane thickness d
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Membrana Figure 11-1 The relative permeability
of a synthetic lipid bilayer to different
classes of molecules. The smaller the

molecule and, more importantly, the less
strongly it associates with water, the more
rapidly the molecule diffuses across the
. . . . . bilayer.
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molecular lipo-solubility: ratio between solubility in
oil and water=partition coefficient
Depends on Lipid layer composition



Membrane permeability: simple diffusion

dm/dt=D x A/d x (cl1-c2) Fick low

m = mass
t=time

The Permeability P is defined as D/d :

dm/dt =P x A x A 1o}
m 1. C Acqua Metanolo\_ °
» Etanolo ba® °Uretano
o
J=PxAxDc ° o s
AT L ]
=
e i
g 01 o Etilurea * Molecole molto piccole
E Urea fceg @ o Molecole plccolg
o | @ Molecole grandi
. . @ Molecole molto grandi
Nessun flusso netto Flusso d'acqua Flusso d'acqua .
d'acqua uscente entrante 0.01 | Gllce[joJol | |
0,0001 0,001 0,01 0.1

Coefficiente di partizione olio/acqua

Relazione lineare tra coefficiente di partizione olio/acqua e
permeabilitd di membrana. Si noti come la permeabilitd non dipenda
dalla dimensione delle malecole. Due molecole piccole come gliceralo e
uretano hanno permeabilitd molto diverse perché i loro coefficienti di par-
tizione differiscono di circa tre ordini di grandezza,
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Passive Transport through Channels
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ligand) ligand)

Figure 11-22 The gating of ion channels. This schematic drawing shows several kinds of stimuli
that open ion channels. Mechanically gated channels often have cytoplasmic extensions (not
shown) that link the channel to the cytoskeleton.

There are two families of channels: one always allowed, as for facilitating water transport ( aquaporin,
with a central “block” for H* ions) and gated channels as for transporting ions (voltage-gated)



Passive Transport through Channels

Modello di canale del Na*. Gli ioni Na* extracellulari spinti dal
loro gradiente elettrochimico diffondono attraverso il canale aperto. Prima
perdono le molecole di idratazione, poi silegano in successione alle cariche
negative disposte sulle pareti interne del poro. Il movimento “in fila indiana”
verso I'intemo & imposto dall’alta concentrazione esterna di ioni Na*.



Solvation shells

A solvation shell is the solvent interface of any
chemical compound or biomolecule that constitutes
the solute. When the solvent is water it is often
referred to as a hydration shell or hydration
sphere.

For example, if the latter were a cation, the
electronegative oxygen atom of the water molecule
would be attracted electrostatically to the positive
charge on the metal ion. The result is a solvation
shell of water molecules that surround the ion.

a) b)

K a3
1.&( (‘g e

‘
&

Na* F-



Solvation/hydration shells

Bulk water @ Water dipole
Outer hydration shell

Inner hydration shell

Second solvation
layer
The hydration/solvation shell can be several molecules thick, dependent upon the

charge of the ion, its distribution and spatial dimensions. The rearrangement also
extend to several layer before reaching again the conditions of bulk solution.



Solvation/hydration shells in biomolecules

}'9“@% »‘?

a "( (')

The hydration shell (also sometimes called hydration
S layer) that forms around biomolecules is of particular
importance in biochemistry. This interaction of the
protein surface with the surrounding water is often
referred to as protein hydration and is fundamental to
the activity of the biomolecules.



Passive Transport through Channels/Transporters

o

Velocita di trasporto

Concentrazione
extracellulare

Saturazione
parziale
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Saturazione
completa

Diffusione facilitata

Y

Relazione tra permeabilitd (velocita di trasporto attraverso la
membrana) e la concentrazione di soluti nel liquido extracellulare. Nel caso
della diffusione passiva la relazione @ lineare. Nel caso della diffusione faci-
litata (carrier) o attraverso canali ionici, la relazione & invece lineare a basse
concentrazioni per poi saturare in maniera diversa ad alte concentrazioni.

-
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o transporter-mediated
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©
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4 simple diffusion

and channel-mediated
transport

Kin concentration of =——e
transported molecule

Figure 11-6 The kinetics of simple
diffusion compared with transporter-
mediated diffusion. Whereas the rate
of diffusion and channel-mediated

As for enzymes, V., (V for velocity), is characteristic of
the specific carrier. V,,,, measures the rate at which the
carrier can flip between its conformational states.

Each transporter has a characteristic affinity for its
solute, the K,, of the reaction, equal to the
concentration of solute when the transport rate is half
its maximum value



Active Transport Is Mediated by Transporters Coupled

to an Energy Source

LIG HT

L
&
lipid | electrochemical
bilayer gradient
COUPLED ATP-DRIVEN LIGHT-DRIVEN
TRANSPORTER PUMP PUMP

Figure 11-7 Three ways of driving

active transport. The actively transported
molecule is shown in orange, and the
energy source is shown in red. Redox
driven active transport is discussed in
Chapter 14 (see Figures 14-18 and 14-19).

* 1. Coupled transporters harness the energy stored in concentration gradients to
couple the uphill transport of one solute across the membrane to the downhill

transport of another.

e 2. ATP-driven pumps couple uphill transport to the hydrolysis of ATP.

e 3. Light- or redox-driven pumps, which are known in bacteria, archaea,
mitochondria, and chloroplasts, couple uphill transport to an input of energy from
light, as with bacteriorhodopsin, or from a redox reaction, as with cytochrome ¢

oxidase



Active Transport Is Mediated by Transporters Coupled
to an Energy Source

EXTRACELLULAR SPACE
glucose Na" plasma membrane
© o
@ 0 Q b .
glucose
CO't ra n S p O rte rS electrochemucal (+X ] concentration
gradlent gradlent
: °®
CYTOSOL occluded- outward- occluded- mward- occluded-
- A N
empty open occupied open empty
Figure 11-9 Mechanism of glucose transport fueled by a Na* gradient. As in the model shown in Figure 11-5,
the transporter alternates between inward-open and outward-open states via an occluded intermediate state. Binding of
Na* and glucose is cooperative—that is, the binding of either solute increases the protein’s affinity for the other. Since the
Na* concentration is much higher in the extracellular space than in the cytosol, glucose is more likely to bind to the transporter
in the outward-facing state. The transition to the occluded state occurs only when both Na* and glucose are bound; their
precise interactions in the solute-binding sites slightly stabilize the occluded state and thereby make this transition energetically

favorable. Stochastic fluctuations caused by thermal energy drive the transporter randomly into the inward-open or outward-
£ h open conformation. If it opens outwardly, nothing is achieved, and the process starts all over. However, whenever it opens
inwardly, Na* dissociates quickly in the low-Na*-concentration environment of the cytosol. Glucose dissociation is likewise
enhanced when Nat is lost, because of cooperativity in binding of the two solutes. The overall result is the net transport of

[ ! L) k [\ both Na* and glucose into the cell. Because the occluded state is not formed when only one of the solutes is bound, the
N ~7 (& transporter switches conformation only when it is fully occupied or fully empty, thereby assuring strict coupling of the transport
L pseudosymmetric conserved core ——! of Na* and glucose.

(8)

Neurotransmitters (released by nerve cells to signal at synapses) are taken up again by Na +
symporters after their release. These neurotransmitter transporters are important drug
targets: stimulants, such as cocaine and antidepressants, inhibit them and thereby prolong
signaling by the neurotransmitters, which are not cleared efficiently.



Active Transport Is Mediated by Transporters Coupled
to an Energy Source

The concentration of K + is typically 10—-30 times higher inside cells than outside, whereas
the reverse is true of Na +

Na*- K* ATPase

P-type pumps are structurally and

plasma
membrane

\ functionally related multipass
Na* K transmembrane proteins. They are
electrochemlcal electrod_\emlcal “ ”
gradient gradient called “P-type” because they

CcYTosoL phosphorylate themselves during the

pumping cycle. For each ATP hydrolized,
it pumps 3 Na* out and 2 K* in

2

ADP

ATP

This pump drives the transport of most nutrients into animal cells and also has a crucial role in regulating
cytosolic pH. The pump consumes about 1/3 of the entire cell energy and even more in nerve cells.

Since it drives three positively charged ions out of the cell for every two it pumps in, it is electrogenic: it
drives a net electric current across the membrane, tending to create an electrical potential, with the
cell’s inside being negative relative to the outside.
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Membrane potential

The overall membrane potential is the result of the action of voltage-gated K* and Na* pumps
and of Na* K* ATPase

Chemical gradient

out N

Electrochemical gradient

out N
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out

Membrane potential

THE NERNST EQUATION AND ION FLOW

The flow of any inorganic ion through a membrane
channel is driven by the electrochemical gradient for that
ion. This gradient represents the combination of two
influences: the voltage gradient and the concentration
gradient of the ion across the membrane. When these
two influences just balance each other, the
electrochemical gradient for the ion is zero, and there is
no net flow of the ion through the channel. The voltage
gradient (membrane potential) at which this equilibrium
is reached is called the equilibrium potential for the ion.
It can be calculated from an equation that will be derived
below, called the Nernst equation.

The Nernst equation is V= RT |n£o_
zF Ci

where

V = the equilibrium potential in volts (internal
potential minus external potential)

C, and C; = outside and inside concentrations of the
ion, respectively

R = the gas constant (8.3 J mol™' K™)

T = the absolute temperature (K)

F = Faraday's constant (9.6 x 10%J V- mol™")

z = the valence (charge) of the ion

In = logarithm to the base e



A molecule in solution (a solute) tends to move from a
region of high concentration to a region of low
concentration simply due to the random movement of
molecules, which results in their equilibrium.
Consequently, movement down a concentration gradient
is accompanied by a favorable free-energy change

(AG < 0), whereas movement up a concentration gradient
is accompanied by an unfavorable free-energy change
(AG > 0). (Free energy is introduced in Chapter 2 and
discussed in the context of redox reactions in

Panel 14-1, p. 765.)

The free-energy change per mole of solute moved across
the plasma membrane (AG_,,,.) is equal to —-RT In C,/ C..

If the solute is an ion, moving it into a cell across a
membrane whose inside is at a voltage V relative to the
outside will cause an additional free-energy change (per
mole of solute moved) of AG,; = zFV.

At the point where the concentration and voltage
gradients just balance,
AGeonc + AGyo =0

and the ion distribution is at equilibrium across the
membrane.




Thus,

ZFV - RT In C—° =0
G
and, therefore,
V = E |n&
ZF Ci

or, using the constant that converts natural logarithms to

base 10,

RT Co
V= 2.3 - logqo C

For a univalent cation,

2.3 g =58 mV at 20°C and 61.5 mV at 37°C.

Thus, for such an ion at 37°C,

V=+61.5mVforC,/C =10,
whereas

V=0forC,/C=1.

The K* equilibrium potential (V), for example, is
61.5 logo([K*], / [K*];) millivolts

(-89 mV for a typical cell, where [K*],=5 mM
and [K*]; = 140 mM).

At V,, there is no net flow of K* across the membrane.

Similarly, when the membrane potential has a value of
61.5 logo([Na*], /[Na*]),
the Na* equilibrium potential (V,),
there is no net flow of Na*.



Membrane potential

Nernst Equation and Equilibrium Potential (E)

Na+
2 Conc Na+ out (150 mM)
E=61log [ Conc Na+ in (15 mM) ]
+61
61log(10) = 61(1) = +61mv
0
K+
-70 Restiqg
E =61 IOQ [COHC K+ 9‘-“ (5 mM) ] Potential
Conc K+ in (150 mM) 90

61 log (31_0) = 61(-1.47) = -90 mv

61 = Conversion factor involving the gas constant, absolute
temperature, etc.



Membrane potential

lon Typical Internal Typical External Nernst
Concentration (mM) Concentration Potential (mV)
(mM)
Na* 12 145 +67
K* 155 4 -98
Ca?* 10-4 1.5 +129
Cl- 4 120 -90




Membrane potential

Indeed, also membrane permeability plays a big role: Na* and K* permeability ratio is 1/100
Therefore the membrane resting potential is similar to the one of K*

- _RT . 2K ¥z Nalda [cr],
© e g INaldAICT]

)

then,

RT (P[ ]+F [Na] )
2K+ N2,

[Goldman Equation]
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Membrane potential electrical model

Pump protein

Channel

Iionivc

The resting potential is the equivalent of a battery



Membrane potential electrical model

%Rm
Em




The Equivalent Circuit

) 1
| () T
Poles, leads, Battery Resistor or Capacitor

or connectors (note polarity) conductor
(a) Electrical symbols

«Qut
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(b) The equivalent circuit for a resting cell membrane



Membrane potential electrical model

a Tempn —a

»Le proprieta del circuito RC di membrana determinano
ampiezza ed andamento temporale delle variazioni del
potenziale causate da flussi di correnti che attraversano
la membrana grazie ai canali ionici.

» Spiegano alcune caratteristiche delle risposte neuronali.



Membrane potential electrical model

Stimolata da un passaggio di corrente la membrana risponde con una variazione del
potenziale in modo proporzionale al valore di resistenza e capacita. Quando la corrente e
iniettata essa comincia a fluire attraverso la capacita che tende a caricarsi. La fase di crescita
del potenziale & data da: V= iR (1-e ) dove t=RC. Quando t=RC allora V,=63%V,,.

RC si definisce costante tempo
della membrana. Quando sono
trascorse diverse costanti tempo,
il potenziale approssima un
asintoto e tutta la corrente
fluisce attraverso la resistenza
(I=0 perché |=dQ/dt=CdV/dt) !

con un valore che sara 0 - S
proporzionale alla legge di Ohm SE |

— Scarica
V=IR. o :

S 63—+« Carica

- | \

o ~ :

S 37— S 037 -
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Membrane potential electrical model

Stimolata da un passaggio di corrente la membrana risponde con una variazione del
potenziale in modo proporzionale al valore di resistenza e capacita. Quando la corrente e
iniettata essa comincia a fluire attraverso la capacita che tende a caricarsi. La fase di crescita
del potenziale & data da: V= iR (1-e ) dove t=RC. Quando t=RC allora V,=63%V,,.

La costante di tempo (t = Ry,Cy) € il tempo
necessario perché Vm

aumenti o diminuisca fino a raggiungere o
perdere il 63% del suo valore

finale. Per valori di Rm compresi tra 10 e
10.000 Wecm2 e Cm = ImF/cm2

la costante di tempo delle cellule eccitabili

-‘Vm :Imn

varia da 10 ms a 10 ms.

In un neurone la risposta a correnti sotto soglia 100+

dipende da: > ' .
Ry: determina il valore di Vm che si raggiunge -é ga- g

quando uno stimolo viene applicato per tempi &

lunghi. i>: 37— 9037 . 2
Cu: rallenta il raggiungimento del livello di Vm ‘

e il ritorno al valore di riposo, in base al 0 is

prodotto Ry,Cy I i



Equivalente Elettrico della membrana (Capacita e Resistenza in parallelo)

Superficie extracellulare

/[:T_ n I L
] ' o llo .

mmm e
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i Canale onico
: c (/) (conduttanza)
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st ) | | s

i @ | ® . staolipricn
{capacitd)
Vm
) J l l Suparicie
n o b Gloprasmatea
aies 3 2 © 2010 e ermes miano
Superticie citoplasmatica

To= AnCm

La corrente I, che attraversa la membrana in sequito all'applicazione di uno
stimolo si divide in due componenti: I, (corrente capacitiva: flusso di ioni che fa
variare la carica sulla capacita di membrana, I, (I, corrente ionica: flusso di ioni
attraverso i canali ionici, R).

Quando si applica uno stimolo si verifichera:

1) La corrente che attraversa la membrana va a caricare il condensatore (varia
la carica, Vm).

2) Man mano che Vm si modifica, gli ioni cominciano ad attraversare i canali (R),
aumenta Ii.

3) Quando il condensatore € carico, tutta la corrente applicata attraversa la R.
AV, =i*R

4) Alla fine dell'impulso, la corrente generata dalla scarica del condensatore
passera attraverso R, determinando un lento ritorno del Vm al valore iniziale.



An introduction to CNS Cells

Al
|\

-
Ty :

L/

VS

» : Cell membrane. The semipermeable
~ membrane hat encloses the neuron.
.' Dendrites. The short precessas emanaing from
© = — —— thecell bod , which receive most of the s napfic
contacts from cther neurcns.

Axon hillock. The cone-shaped
region at the juncion between the
axon and the call bed .

Axon. The long, narrow process
- that projects from the cell bod .

™
Cell bod . The metaboic center of .
the neuron; also called the oma.

M elin. The fatt .
. 3

Nodes of Ranvier (pronounced
‘RAHN-vee- a 7). The gaps
between sactions of m elin.

Buttons. The butionlike endings of
the axon branches, which release
chemicals Into 5 napses.

S napses. The gaps betwean
adjacent neurons across which
chemical signals are transmitted.



Endoplasmic reticulum. A
system of folded membranes in
e cell body; rough porfons
(those with ribcsomes) play a
role in e synthesis of proteins;
smoof portions (hose witout
ribosomes) play a role in the
synthesis of fats.

Nucleus. The spherical
DNA-containing s¥ucture of the

ceft body.

Mitochondria. Sites of aerobic

(oxygen-consuming) energy
release. ' ‘.\

[+ sm. The clear igg@hal
fuid of THE

Ribosomes. Internal callular
structures on which proteins are
synhe& =g ey are located -
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system of membranes hat
packages molecules in vesicles.

asponsible for he rapld transport
nf material throughout neurons.
My .
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S naptic vesicles. S¥herica
membrane packagesghat store
neurotransmitier mojcules ready
for release near sygiipses.

Neurotransmitifrs. Molecules
that are releggld rom actve
neurcns ag@influence he activity
of o =




THE MAJOR STRUCTURES OF THE NEURON

The neuron receives nerve impuises through its dendrites. It then sends the nerve i:_npulses
through its axon to the terminal buttons where neurotransmitters are released to stimulate
other neurons.

Dandrites {receiving end)

Ternnal butions

L D

’

Nuceus

Cyoplasm

e

Jei
7 :; !
'
Soitia e o wwe&')

Axon
Nodes of Ramvier

Hransmaling end
Myelin sheath



Axon

synapac
weskics

poet-synapbe
consty (Psl)

microiubules

1000-10000 synapses per neuron!
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The Anatomy of a Neuron
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A neuron can
synapse
with another
neuron...

...or a muscle cell

...or a gland.




Basic Neuron Types

-

o

Bipolar Unipolar Multipolar Pyrimidal
(Interneuron) (Sensory Neuron) (Motoneuron) Cell
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) Resting potential
Voltage amplifier

and oscilloscope
Voltage amplifier
and oscilloscope

Extracellular
electrode

Extracellular
electrode

Insert
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Nerve cell Nerve cell

Figure 7-2A The recording setup.
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= Figure 7-2B Oscilloscope display.
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(A) Receptor potential
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Membrane
potential (mV)
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(A) (B)

Current (nA)

to inject current

; Microelectrode

Record

Microelectrode
to measure
membrane
potential

potential (mV)

| Figure2.2 Recording passive and
active electrical signals in a nerve cell.
(A) Two microelectrodes are inserted
l into a neuron; one of these measures
membrane potential while the other
| injects current into the neuron. (B) In-
serting the voltage-measuring micro-
electrode into the neuron reveals a nega-
tive potential, the resting membrane
potential. Injecting current through the
current-passing microelectrode alters
the neuronal membrane potential.
Hyperpolarizing current pulses produce
only passive changes in the membrane
potential. While small depolarizing cur-
rents also elict only passive responses,
depolarizations that cause the mem-
brane potential to meet or exceed
threshold additionally evoke action
potentials. Action potentials are active
responses in the sense that they are gen-
erated by changes in the permeability of
the neuronal membrane.




Current Voltage
generator  amplifier +60

V., (mV)
o

-60
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Figure 7-2D Hyperpolarization.
Action
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T et ok
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-90 - ; ;
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current ——  Inward
50 ms
Time —

Figure 7-2C Depolarization.

Come puo |
potenziale di
membrana cambiare
e poi tornare al suo
valore di riposo?
Na+ K+ pumps!
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Electrotonic Propagation
(predominant in dendrites and soma)

Membrane depolarizations spread passively quickly but only along short distances

Un potenziale sotto soglia nato in un punto diminuisce di ampiezza man
mano che e condotto lungo I'assone o i dendriti di un neurone (conduzione
elettrotonica). La resistenza di membrana (r,) e dell'assone (r,)
influenzano I'efficienza con cui vengono condotti i segnali elettrici.

m”...,.,m. *  La stimolazione € sottosoaglia
o Propagazione elettrotonica

Assone

| 1
che regstranne B || |
| . 4 ﬂ J i
0 n n L aakE ey B e M2 Elettroto axtracelllare
) ) X1 3D 40 4 10 20 30 3 I 10 20 30 20 0 OW3 40 0 10203040 O 10 20 30 40 0

2 ) i 20 s i 20 30 4 l \
: ottt
" Saglia | )

La corrente applicata in un punto si propaga lungo I'assone ma in parte
viene persa attraverso la r,. Questo determina attenuazione del segnale
man mano che ci si allontana dal punto di stimolazione.



Sia r, che r,, dipendono dal diametro del conduttore
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° Citoplasma

“Fa: = p/ma? (p = resistenza specifica di lem3di citoplasma, ma? = area
sezione del processo). 1a 2 |r,

‘P = Pen/2ma (rg, = resistenza specifica di membrana, 2na =
superficie laterale del cilindro: estensione della membrana). ta = |r,,



Electrotonic Propagation

8
|

% voltaggio (Vm)
8 g
L1

(=)

Koeppen, Stanton

1 0 1
Distanza (A)

+ = Distanza oftre la quale la rispesia decade
2108~ 37%del livallo originario (V)

_A=1mm

Assone di grande diametro

)

Asgone d| piccolo diametro

5 4 3210123 45 mm

El
r; & elevala

L‘amﬁiezza del potenziale decresce
esponenzialmente con la distanza.
L (costante di spazio) e la
distanza alla quale Vm cade al 37%
del valore iniziale.

A aumenta con il diametro (d) della
fibra (il rapporto r./r, & correlato al
raggio, A o< <=d)

Maggiore & A migliori sono le
proprieta del cavo conduttore.

A: ~1 mm (assoni)
~150-200 um (dendriti)
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| Figure2.2 Recording passive and
active electrical signals in a nerve cell.
(A) Two microelectrodes are inserted
l into a neuron; one of these measures
membrane potential while the other
| injects current into the neuron. (B) In-
serting the voltage-measuring micro-
electrode into the neuron reveals a nega-
tive potential, the resting membrane
potential. Injecting current through the
current-passing microelectrode alters
the neuronal membrane potential.
Hyperpolarizing current pulses produce
only passive changes in the membrane
potential. While small depolarizing cur-
rents also elict only passive responses,
depolarizations that cause the mem-
brane potential to meet or exceed
threshold additionally evoke action
potentials. Action potentials are active
responses in the sense that they are gen-
erated by changes in the permeability of
the neuronal membrane.




Action Potential Propagation
(predominant in the axon starting from 50 um far from axonal hillock)

Resting Voltage Gated Transmitter Directly Transmitter Indirectly
Channels Charnalg Gated Channels Gated Channels
+
K Na* ® Na* Na*

s e

K* Na* Nat

o=




=70 mV 0OmV
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— +
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CI- l CI-
[CI']4mM ° [CI-] 120 MM
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\

Gradiente di concentrazione
Pressione elettrostatica

From Goldman-Hodgkin—-Katz voltage equation

allows one to calculate the voltage at which the net current through passive pathways
(that is, ion channels) is zero

Ec- = -70 mV (equilibrium at RP!)
Ex+ =~ -90 mV (20 mV of driving out force)

Ena+ = +50 mV (120 mV of driving in force!!!)

Permeabilita della membrana cellulare:
pnat molto bassa
pk*  bassa

pc~  bassa
pa- praticamente zero

An ACTIVE mechanism is necessary!!!

synaptic cleft

pre-synaptic
membrane

== ADP+Pi

cytoplasm

® K+
® Nat
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& : :/Voltmeter

1mM KCl
1mM NaCl | 10 mM NaCl

Variable permeability

(B)
Na* permeable =
K* permeable

ENa
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Figure 2.6 Resting and action poten-
tials entail permeabilities to different
ions. (A) Hypothetical situation in
which a membrane variably permeable
to Na* (red) and K* (yellow) separates
two compartments that contain both
ions. For simplicity, CI” ions are not
shown in the diagram. (B) Schematic
representation of the membrane ionic
permeabilities associated with resting
and action potentials. At rest, neuronal
membranes are more permeable to K*
(vellow) than to Na* (red); accordingly,
the resting membrane potential is nega-
tive and approaches the equilibrium
potential for K*, E;. During an action
potential, the membrane becomes very
permeable to Na* (red); thus the mem-
brane potential becomes positive and
approaches the equilibrium potential for
Na*, Ey,. The rise in Na* permeability is
transient, however, so that the mem-
brane again becomes primarily perme-
able to K* (yellow), causing the poten-
tial to return to its negative resting
value. Notice that at the equilibrium
potential for a given ion, there is no net
flux of that ion across the membrane.
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Action Potential Propagation
(predominant in the axon starting from 50 um far from axonal hillock)

Voltage-Gated Cation Channels Generate Action Potentials (slow but propagate for longer distances)
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40\ https://www.youtube.com/watch?v=0a6rvUlJlg7o
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Electrotonic Propagation
(predominant in dendrites and soma)

Membrane depolarizations spread passively quickly but only along short distances

Un potenziale sotto soglia nato in un punto diminuisce di ampiezza man
mano che e condotto lungo I'assone o i dendriti di un neurone (conduzione
elettrotonica). La resistenza di membrana (r,) e dell'assone (r,)
influenzano I'efficienza con cui vengono condotti i segnali elettrici.
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La corrente applicata in un punto si propaga lungo I'assone ma in parte
viene persa attraverso la r,. Questo determina attenuazione del segnale
man mano che ci si allontana dal punto di stimolazione.
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“Saltatory” Propagation
(predominant in the axon starting from 50 um far from axonal hillock)
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Chemical Synapses
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Seven Steps in Neurotransmitter Action

Neurotransmitter g. .‘Q » <
molecules are synthesized

from precursors under the %
infuence of enzymes. \

Neuroransmitter
molecules are
stored in vesides.
Neurctransmitter

molecules that leak
from their vesicles are

destroyed by enzymes.

Acton potentals cause

vesicles 10 fuse with the
presynapic membrane and
release their neuroransmitter
molecules into the synapsa.

Released neurotransmitter

molecules bind with
autoraceptors and inhibit
subsequent neuroransmitter
releassa.

Released neurotransmitter
molecules bind to postsynaptic

receptors.

Released neurotransmitter
melecules are deacivated /\ ’
by either reuptake or enzymatic o

Synthesizing
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Figure 2.3 Ion transporters and ion
channels are responsible for ionic move-

ments across neuronal membranes. o—" :

Transporters create ion concentration ® Flﬂn Flon transported Ton diffuses
differences by actively transporting ions binds across membrane ® | through channel
against their chemical gradients. Chan- Ton fransposters Jon channels

nels take advantage of these concentra- —Actively move ions against —Allow ions to diffuse down
tion gradients, allowing selected ions to concentration gradient concentration gradient
move, via diffusion, down their chemi- —Create ion concentration —Cause selective permeability

cal gradients. eyts o cettain done.



