
Biochemistry of capacitation



Main aspects of capacitation

• There are important differences between in 
vitro and in vivo capacitation.

• It involves several different sperm 
populations.

• It does not exist a reliable molecular marker of 
capacitation.

• The signaling strategy is based on redundant 
mechamisms.



Membrane potential









Calcium signaling in spem capacitation
Calcium clearance :

•Plasma Membrane Ca2+ATPase (PMCA): it exports 1 Ca2+

and it imports 1 or 2 H+, at ATP expense. It is constitutively
active.

• Na+/Ca2+ exchanger (NCX): it exposrts 1 Ca2+ and in
imports 3 Na+. It works accrding to the Na+ gradient, when
[Ca2+]i rises.

• sarcoplasmic-endoplasmic reticulum Ca2+/ATPase
(SERCA):imports/exposrts Ca2+ from intracellular stores.

• mitochondrial Ca2+ uniporter (MCU): it imports Ca2+ in
mitochondra, when [Ca2+]i > 450 nM.



MCU

PMCA

NCX

SERCA



SERCA pumps





Redundant Nuclear Envelope (RNE)



Calcium channels

- voltage-gated Ca2+  (CaV) channels
- transient receptor potential-(TRP) channels 
- and cyclic nucleotide-gated- (CNG) channels
- CatSper
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During capacitation sperm
membrane hyperpolarizes (in
mouse from -50 to -80 mM).
As the membrane potential
lowers, the probability that
the channels open increases.



CaV

Current Type
1,4-dihydropyridine sensitivity

(DHP)
ω-conotoxin sensitivity 

(ω-CTX)
ω-agatoxin sensitivity

(ω-AGA)

L-type blocks resistant resistant

N-type resistant blocks resistant

P/Q-type resistant resistant blocks

R-type resistant resistant resistant

http://en.wikipedia.org/wiki/1,4-dihydropyridine
http://en.wikipedia.org/wiki/Conotoxin


Type Voltage α1 subunit (gene name) Associated subunits Most often found in

L-type calcium channel("Long-
Lasting" AKA "DHP Receptor")

HVA (high voltage activated)

Cav1.1(CACNA1S)
Cav1.2(CACNA1C)Cav1.3(CACNA

1D)
Cav1.4(CACNA1F)

α2δ, β, γ

Skeletal muscle, smooth
muscle, bone (osteoblasts), 

ventricular myocytes** 
(responsible for prolonged

action potential in cardiac cell; 
also termed DHP receptors), 

dendrites and dendritic spines
of cortical neurones

P-type calcium
channel("Purkinje") /Q-type

calcium channel
HVA (high voltage activated) Cav2.1(CACNA1A) α2δ, β, possibly γ

Purkinje neurons in the 
cerebellum / Cerebellar granule 

cells

N-type calcium 
channel("Neural"/"Non-L")

HVA (high-voltage-activated) Cav2.2(CACNA1B) α2δ/β1, β3, β4, possibly γ
Throughout the brain and 

peripheral nervous system.

R-type calcium 
channel("Residual")

intermediate-voltage-activated Cav2.3(CACNA1E) α2δ, β, possibly γ
Cerebellar granule cells, other 

neurons

T-type calcium 
channel("Transient")

low-voltage-activated
Cav3.1(CACNA1G)
Cav3.2(CACNA1H)
Cav3.3(CACNA1I)

neurons, cells that 
have pacemaker activity, bone 

(osteocytes)

http://en.wikipedia.org/wiki/Q-type_calcium_channel
http://en.wikipedia.org/wiki/Cav2.1
http://www.genenames.org/data/hgnc_data.php?match=CACNA1A
http://en.wikipedia.org/wiki/Purkinje_neurons
http://en.wikipedia.org/wiki/Cerebellum
http://en.wikipedia.org/wiki/Granule_cell
http://en.wikipedia.org/wiki/N-type_calcium_channel
http://en.wikipedia.org/wiki/N-type_calcium_channel
http://www.genenames.org/data/hgnc_data.php?match=CACNA1B
http://en.wikipedia.org/wiki/Brain
http://en.wikipedia.org/wiki/R-type_calcium_channel
http://en.wikipedia.org/wiki/R-type_calcium_channel
http://www.genenames.org/data/hgnc_data.php?match=CACNA1E
http://en.wikipedia.org/wiki/Cerebellum
http://en.wikipedia.org/wiki/Granule_cell
http://en.wikipedia.org/wiki/T-type_calcium_channel
http://en.wikipedia.org/wiki/CACNA1G
http://www.genenames.org/data/hgnc_data.php?match=CACNA1G
http://en.wikipedia.org/wiki/CACNA1H
http://www.genenames.org/data/hgnc_data.php?match=CACNA1H
http://en.wikipedia.org/wiki/CACNA1I
http://en.wikipedia.org/wiki/Pacemaker
http://en.wikipedia.org/wiki/Osteocytes




Control mechanisms



CNG channels

Chemiotassi in riccio di mare



TRP channels





TRPV1



Polymodal sensors

• Temperature

• pH

• Nociception







TRPV1



CatSper channels



Subunità S5 e6: poroSubunità S1 – S4: sensore di  
voltaggio





CatSper System







CatSper channels



Intracelluar channels

•IP3R

•RyRs

•TPCs (Two Pore Channels)



Motility/Hyperactivation

http://upload.wikimedia.org/wikipedia/commons/4/43/Dynein_coplex.jpg
http://upload.wikimedia.org/wikipedia/commons/4/43/Dynein_coplex.jpg
http://upload.wikimedia.org/wikipedia/commons/2/27/Cytoplasmic_dynein.svg
http://upload.wikimedia.org/wikipedia/commons/2/27/Cytoplasmic_dynein.svg


Motility/Hyperactivation



Motility/Hyperactivation





Detachment from tubal epithelium



Cytosckeleton



Actin



Treadmilling



Signal transduction



Actin - capacitation
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Protein phosphorylation pattern



P-Tyr
• tyrosine phosphorylation (capacitation, hyperactivayed motility, ZP binding, sperm-
oocyte binding and fusion).
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Green and Watson; Reprodution 122, 889–898 (2001)





Nitric oxyde



PLC1



Searching for the model…







Acrosome reaction





ZP3













Membrane depolarization



Calcium peack





Cytosckeleton dynamics






