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Physical chemical proprieties of 
gametes membranes.

• Global and local physical and chemical proprieties of
cell membrane markedly change, depending on
several factors.

• Here we are interested in understanding the effects
of temperature, osmotic pressure, and solutes.

• To this aim we need the adoption of models.
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Liquid crystals
Liquid crystals (LCs) are matter in a state that has properties between those of 

the conventional liquid and those of solid crystal.
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From LCs to cell membranes



Glycocalyx



GLICOCALICE



Lipids



Tail Length
Double 
Bonds

Transition 
Temperature

12 0 -1

14 0 23

16 0 41

18 0 55

20 0 66

22 0 75

24 0 80

18 1 1

18 2 -53

18 3 -60

Transition temperature (in °C) as a function of tail length 
and saturation. All data are for lipids 

with PC headgroups and two identical tails.



Lipids chemisty and membrane geometry
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Lipids chemisty and membrane geometry



Membrane microdomains
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Membranes fusion
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STEPS

1) the two bilayers become closer (nM).

2) The two bilayers come in contact (Å): to allow
the to bylaiers come so close, the water
molecules that hydrate the hydrophilic heads
of lipids need to be removed.

3) Onset of a nucleation.

4) From the nucleation the fusion extends and
the components of the two bilayers fuse.



What forces are involved?

1) Hydration repulsion: As water molecules 
have an affinity towards hydrophilic head 
groups, they try to arrange themselves around 
the head groups of the lipid molecules and it 
becomes very hard to separate this favorable 
combination.



CR (>0) = measure of the hydration interaction energy 
for hydrophilic molecules of the given system,

λR = characteristic length scale of hydration repulsion,

z = the distance of separation. 

The potential VR is given by



2) Hydrophobic attraction: they are the
attractive entropic forces between two hydrophobic
groups in aqueous media, e.g. between two long
hydrocarbon chains in aqueous solutions. The magnitude
of these forces depends on the hydrophobicity of the
interacting groups as well as the distance separating
them. The physical origin of these forces is a debated
issue but they have been found to be long-ranged and are
the strongest among all the physical interaction forces
operating between biological surfaces and
molecules. They are responsible for rapid coagulation of
hydrophobic particles in water and play important roles
in various biological phenomena including folding and
stabilization of proteins and fusion of cell membranes.



CA (<0) = the hydrophobic interaction energy for the given system
λA is a characteristic length scale of hydrophobic attraction
z = is the distance of separation

The potential VA is given by



3) Forze di van der Waals: These forces arise 
due to dipole-dipole interactions between 
molecules of bilayers. As molecules come 
closer, this attractive force arises due to the 
ordering of these dipoles.



H = costante di Hamaker,

D = spessore del bilayer

z = distanza tra I bilayer

In bilayers, the the van der Waals interaction 

potential VVDW is given by



• When two bilayers become closer the repulsive
force due to hydration repulsion predominates.

• Once the fusion starts, the hydrophobic tails of
membrane lipids are exposed and the
hydrophobic attraction become crucial.

• The van der Waals forces do not seem to have
important effects on the membrane fusion
process.
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2)



3)



4)



Lipids chemisty and membrane fusion

• Lipid head:as the head is charged, most strongly it 
binds water and the greater is the hydrophilic 
repulsion force.

• A small head facilitates the formation of 3D 
geometries.





Fusion proteins (SNARE)

SNARE proteins ("SNAP (Soluble NSF Attachment
Protein) REceptor") are a large protein superfamily
consisting of more than 60 members.

SNAREs can be divided into two categories:

vesicle or v-SNAREs: which are incorporated into the
membranes of transport vesicles during budding.

target or t-SNAREs: which are located in the membranes of
target compartments.



Although SNAREs vary considerably in structure and
size, all share a segment in their cytosolic domain
called a SNARE motif that consists of 60-70 amino
acids and contains heptad repeats that have the
ability to form coiled-coil structures.

V- and t-SNAREs are capable of reversible assembly into
tight, four-helix bundles called "trans"-SNARE
complexes.











Membrane dynamics in gametes



Membrane asymmetry



Membrane asymmetry



Membrane asymmetry



Enzymes and membrane asymmetry



ASIMMETRIA di MEMBRANA

Spermatozoa were incubated in HBT-Bic

for 2h and then stained with annexin V-FL

(green) to detect exposed PS (A and B) or

with Ro-SA-FL (green) to detect exposed

PE (C and D), all cells were counterstained

with 0.1 mM C6LRh (hexanoic acid

conjugated to lissaminylrhodamine) to label

the entire plasma membrane red.

Gadella and Harrison,  BOR 67, 340–350 (2002)



Membrane domains



Domains: structure



Domains: function



Fusogenicity



MC540



FILIPIN
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FRAP

Spermatozoa stained with DiIC12 and subjected to large-area photobleaching: a 
and f) spermatozoa before photobleaching; b–e) the focused laser beam has 
been centered over the acrosome, followed by photobleaching.

Mackie et al., BOR 64, 113–119 (2001)



LAURDAN (ordine)



LAURDAN (anisotropy)



CTC staining
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CONTROLLO: cAMP



cAMP



BICARBONATE
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BICARBONATE


