
Cell membranes and cell 
interactions



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. 

Cell-cell communication



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

Communication needs long and short range signaling



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

5 nm

§ 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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Fatty acids 
Carboxylic acids with long hydrocarbon chains (12-24 -CH2- units) 
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unsaturated.  The double bond is rigid and creates a

kink in the chain; the rest of the chain is free to rotate
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Fatty acids are used as E storage

To ensure a continuous supply of fuel for 
oxidative metabolism, animal cells store 
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

(triglycerides).
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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.

fat droplet



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... 
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Phospholipids and membranes

Phospholipids are the major constituent of cell membranes.

micelle lipid bilayer

When in aqueous environment the heads have 
affinity for the water molecules, while the tails 

tend to avoid water by sticking together.

Phospholipid mobility
lateral diffusion

flexion rotation

flip-flop
(occurs 

very rarely)

Saturated vs unsaturated lipids

unsaturated, more
difficult to pack, 

more fluid

saturated, easier 
to pack, less fluid

Cellular membranes are essentially made up by
phospholipid bilayers.



Cholesterol and steroids

Steroids (such as cholesterol) have a rigid structure made up by 4 rings. 
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Cholesterol

Cholesterol is an important component of the 
eukaryotic membranes and has a key role in

controlling the membrane fluidity.  

Other important steroid are the sex 
hormones, such as testosterone and

estrogen:

testosterone



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

Transmembraneproteins

Associatedwith
cytoplasmic inner

monolayer

Associatedwith
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(GPI-anchor proteins)

Peripheral proteins

Trans-membrane proteins cross the bilayer as (1) a single α helix, (2) as multiple α 
helices, or (3) as a β 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 α 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 
proteins. 



Funzione delle proteine di membrana

Ancoraggio (integrine)

Trasporto passivo

Trasporto attivo

Attività
 

enzimatica

Attività
 

recettoriale  e trasduzione del 
segnale

Riconoscimento cellulare 

Giunzione intercellulare

Type and function of transmembrane proteins



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

Passive and Active Transport



COMPOSIZIONE APPROSSIMATIVA DEI LIQUIDI COMPOSIZIONE APPROSSIMATIVA DEI LIQUIDI 
EXTRACELLULARE E INTRACELLULAREEXTRACELLULARE E INTRACELLULARE

Membrane electrical potential



Passive Transport Is driven by concentration gradient

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.



Non selective; No saturation; Drives to equilibrium
• Small hydrophobic molecules (impermeable to polar molecules)
• Small non charged polar molecules (H2O, ethanol)
• Gas (CO2, O2, N2)

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

J = flux depends on:
• C2-C1
• Partition coefficient 
• Diffusion coefficient D (m2/s)
• Membrane thickness d
• Diffusion area A

DIFFUSIONE SEMPLICEDIFFUSIONE SEMPLICE

•

 

La diffusione semplice è

 

il risultato del movimento termico casuale di molecole
•

 

La diffusione netta del soluto costituisce il flusso (J) e dipenderà

 

dalle variabili 
seguenti:
-gradiente di concentrazione (C1 - C2)
-

 

coefficiente di ripartizione (K)
-

 

coefficiente di diffusione (D)
-

 

spessore della membrana (d)
-

 

superfice disponibile per la diffusione (A)

C1 C2

Membrane permeability: simple diffusion

molecular lipo-solubility: ratio between solubility  in 
oil and water=partition coefficient
Depends on Lipid layer composition



La prima legge di Fick della diffusione

dm/dt=D x A/d x (c1-c2)  

Dove
m = massa della sostanza
t = tempo

La Permeabilità
 

(P) riunisce le caratteristiche della membrana e 
della sostanza che diffonde, per cui la legge di Fick diventa

dm/dt = P x A x Δc

La prima legge di Fick della diffusione

dm/dt=D x A/d x (c1-c2)  

Dove
m = massa della sostanza
t = tempo

La Permeabilità
 

(P) riunisce le caratteristiche della membrana e 
della sostanza che diffonde, per cui la legge di Fick diventa

dm/dt = P x A x Δc

Fick low
m = mass
t= time

The Permeability P is defined as D/d :

La Diffusione netta

nella quale

J = P x A x Dc

La diffusione netta è
 

direttamente proporzionale al 
gradiente di diffusione

Le sostanze che diffondono 
liberamente attraverso la 
membrana
plasmatica sono:

- acqua
- anidride carbonica
- ossigeno
- etanolo
- urea
- sostanze liposolubili

Al contrario la membrana 
plasmatica è

 
difficilmente 

attraversabile
- dagli zuccheri
- da molecole con cariche elettriche
- dai piccoli ioni

Membrane permeability: simple diffusion



Passive Transport through Channels

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



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. 



Solvation/hydration shells

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

The hydration shell (also sometimes called hydration
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.



DIFFUSIONE FACILITATADIFFUSIONE FACILITATA

La diffusione passiva  avviene 
secondo gradiente di concentrazione 
(movimento netto di particelle: 
Conc.>→ Conc.<) utilizzando l’

 energia immagazzinata dal gradiente. 
Il processo è

 
spontaneo.

Nella diffusione facilitata, la membrana 
è

 
resa permeabile a sostanze  idrofile 

(ioni e molecole polari) grazie alla 
presenza di proteine canele e carrier. Il 
trasporto è

 
sempre secondo gradiente, 

ma va a saturazione.

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

solute, the Km of the reaction, equal to the 
concentration of solute when the transport rate is half 
its maximum value

Passive Transport through Channels/Transporters



Active Transport Is Mediated by Transporters Coupled 
to an Energy Source

• 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. 

• 2. ATP-driven pumps couple uphill transport to the hydrolysis of ATP. 
• 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 c 
oxidase



co-transporters

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



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 
functionally related multipass
transmembrane proteins. They are 
called “P-type” because they 
phosphorylate themselves during the 
pumping cycle. For each ATP hydrolized, 
it pumps 3 Na+ out and 2 K+ in 

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 
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+-

Chemical gradient

Electrochemical gradient



Membrane potential
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Membrane potential



Membrane potential



Membrane potential



Membrane potential

Ion Typical Internal
Concentration (mM)

Typical External
Concentration

(mM)

Nernst
Potential (mV)

Na+ 12 145 +67

K+ 155 4 -98

Ca2+ 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+



Membrane potential electrical model

The resting potential is the equivalent of a battery



Membrane potential electrical model



Membrane potential electrical model



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 capacità. Quando la corrente è 
iniettata essa comincia a fluire attraverso la capacità che tende a caricarsi. La fase di crescita 
del potenziale è data da: V= iR (1-e –t/τ) dove τ=RC. Quando t=RC allora Vt=63%V0.

Membrane potential electrical model

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
(Ic=0 perché Ic=dQ/dt=CdV/dt)
con un valore che sarà
proporzionale alla legge di Ohm
V=IrR.



Stimolata da un passaggio di corrente la membrana risponde con una variazione del 
potenziale in modo proporzionale al valore di resistenza e capacità. Quando la corrente è 
iniettata essa comincia a fluire attraverso la capacità che tende a caricarsi. La fase di crescita 
del potenziale è data da: V= iR (1-e –t/τ) dove τ=RC. Quando t=RC allora Vt=63%V0.

Membrane potential electrical model

La costante di tempo (t = RMCM) è 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 Wcm2 e Cm = 1mF/cm2
la costante di tempo delle cellule eccitabili
varia da 10 ms a 10 ms.
In un neurone la risposta a correnti sotto soglia
dipende da:
RM: determina il valore di Vm che si raggiunge
quando uno stimolo viene applicato per tempi 
lunghi.
CM: rallenta il raggiungimento del livello di Vm
e il ritorno al valore di riposo, in base al 
prodotto RMCM



Membrane potential electrical model



An introduction to CNS Cells
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1000-10000 synapses per neuron!
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Resting potential



Stimuli
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Come può il 
potenziale di 

membrana cambiare 
e poi tornare al suo 

valore di riposo?
Na+ K+ pumps!



Electrotonic Propagation
(predominant in dendrites and soma)

Membrane depolarizations spread passively quickly but only along short distances

36
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Spatial and temporal 
integration!
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K+ Na+

K+
Na+
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Resting
Channels

Transmitter Directly 
Gated Channels

Transmitter Indirectly 
Gated Channels
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Action Potential Propagation
(predominant in the axon starting from 50 µm far from axonal hillock)



Intracellular
(cytosol)

Extracellular

K+ K+

Na+ Na+

Cl- Cl-

[K+] 4 mM[K+] 140 mM

[Na+] 150 mM[Na+] 12 mM

[Cl-] 120 mM[Cl-] 4 mM

+
+
+
+
+
+

_______

[A-] 34 mM[A-] 148 mM
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Permeabilità della membrana cellulare:
pNa+ molto bassa
pK+ bassa
pCl- bassa
pA- praticamente zero

Gradiente di concentrazione
Pressione elettrostatica

From Goldman–Hodgkin–Katz voltage equation

ECl– ≃ -70 mV (equilibrium at RP!)

EK+ ≃ -90 mV (20 mV of driving out force)

ENa+ ≃ +50 mV (120 mV of driving in force!!!)

An ACTIVE mechanism is necessary!!!

The Na+/K+ Pump

-70 mV 0 mV

allows one to calculate the voltage at which the net current through passive pathways 
(that is, ion channels) is zero
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10000 Na+/ms



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

Voltage-Gated Cation Channels Generate Action Potentials (slow but propagate for longer distances)

40 https://www.youtube.com/watch?v=oa6rvUJlg7o
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Absolute refractory period (1-2 ms)

Relative refractory period
(hyperdepolarization)

Fundamental for frequency codification of signal 
intensity

Alcune importanti differenze tra le due forme di conduzione:

Propagazi
one 
Elettroton
ica

Passiva Veloce Brevi 
distanze

Bidirezionali Integrabile nello 
spazio e nel tempo

L’ampiezza conta La frequenza 
non conta#

Potenziali 
di Azione

Attiva Lenta* Lunghe 
distanze*

Monodirezional
i

Tutto o Niente L’ampiezza non conta 
(tutto o niente)

La frequenza 
conta!



Electrotonic Propagation
(predominant in dendrites and soma)

Membrane depolarizations spread passively quickly but only along short distances
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1÷2 
mm

“Saltatory” Propagation
(predominant in the axon starting from 50 µm far from axonal hillock)

https://www.youtube.com/watch?v=oa6rvUJlg7o
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Chemical Synapses
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Many different synapses are present in the NS



Tetradotossina (TTX)

Dendrotossina (DTX)
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