
 The following material can be used exclusively for the 
teaching activity of the MS Programme in 
Reproductive Biotechnologies- University of Teramo 

Prof. L. Gioia_Biology of sperm cell



SPERM CELL BIOLOGY
Prof. Luisa Gioia 

MS Reproductive Biotechnologies

UNIVERSITY of
TERAMO

Prof. L. Gioia_Biology of sperm cell



THE FERTILIZING SPERM’S LIFE-STORY

Formation (testis)

Maturation (epididymis)

Storage (epididymis)

•Deposition in female tract

•Capacitation

•Bind to zona pellucida (ZP)

•Fertilization

Acrosome reaction (AR)

Penetration through ZP

Fusion with egg

Activation of egg

Decondensation of sperm head 

Formation of male PN 

Syngamy and initiation of cell cycle 

♂

♀
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THE FERTILIZING SPERM’S LIFE-STORY

Formation (testis)

Maturation (epididymis)

Storage (epididymis)
♂

Spermatogenesis

 Purpose: to establish and maintain daily 
output of fully differenciated spermatozoa

Recalling the key aspects on…..
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Spermatogenesis starts at the onset of puberty and occurs 
within the seminiferous tubules 

2. SPERMATOGENESI

2.1 SPERMATOGENESI  

La spermatogenesi è la gametogenesi maschile, ovvero il processo di produzione e 

maturazione delle cellule germinali maschili che avviene nei testicoli, quali le gonadi 

della linea sessuale maschile (Junqueira,Carneiro, 2006).  

Tale processo, sotto lo stimolo ormonale conferito dall’FSH (ormone follicolo-

stimolante) e dal testosterone, avviene precisamente all’interno dell’epitelio 

germinativo dei tubuli seminiferi quando l’individuo raggiunge la pubertà, fase che 

segna l’ inizio di una complessa cascata di eventi che includono la proliferazione, la 

maturazione meiotica e il successivo differenziamento delle cellule germinali.  

La durata della spermatogenesi varia considerevolmente tra le specie; 35 gg nei topi, 

50 gg nei ratti fino a 70 gg circa nell’uomo (Aitken et al., 2011).  

La spermatogenesi ha inizio nella fase puberale e dura per tutta la vita dell’individuo, 

nonostante questa decresca in età senile (Moore K., Persaud T.V.N., 2009). 

Le cellule che entrano in gioco nella spermatogenesi si dividono in due grandi 

gruppi: cellule germinali e cellule non germinali. 

Le prime sono costituite dagli spermatozoi e dai loro precursori (spermatogoni, 

spermatociti e spermatidi); le seconde invece sono rappresentate dalle cellule del 

Sertoli e dalle cellule del Leydig aventi funzioni trofiche e regolatorie. 

La spermatogenesi avviene all’interno dei lobuli testicolari (250-300 circa) nei tubuli 

seminiferi, quali condotti a fondo cieco che confluiscono nei tubuli retti, noti anche 

come vasa recta (Figura2).  

  Figura 2 - Tubuli seminiferi nel testicolo dei mammiferi. 
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Spermatogenesis

che non andranno più incontro a divisioni cellulari (Anastasi et al., 2007; Bani et al., 

2012). 

Durante l’intera spermatogenesi le cellule non si separano ma rimangono unite da 

giunzioni comunicanti, formando un vero e proprio sincizio che assicura ad ogni 

ondata proliferativa la sincronia della maturazione di tutte le cellule della 

popolazione destinata alla eiaculazione. 

La terza ed ultima fase, quella differenziativa, nota anche come spermiogenesi, è 

caratterizzata dal differenziamento degli spermatidi in cellule mature, gli 

spermatozoi, attraverso l’esaudimento di tre fasi: la fase di Golgi, la fase acrosomiale 

e la fase di maturazione.   

Gli spermatidi sono cellule aventi un nucleo centrale, diversi mitocondri, un apparato 

di Golgi, un paio di centrioli, ribosomi liberi e reticolo endoplasmatico liscio 

(Junqueira, Carneiro, 2006). 

 Figura 3 - Processo di spermatogenesi 

Essi andranno incontro a fenomeni di condensazione nucleare, sviluppo del flagello, 

formazione dell’acrosoma e perdita di citoplasma. 

In particolare, durante la fase di Golgi, nelle vescicole costituenti l’apparato del 

Golgi si ha un accumulo di granuli pro-acrosomiali che, fondendosi, generano un 

unico grande granulo acrosomiale all’interno della vescicola acrosomiale che 

incappuccia il nucleo (Anastasi et al., 2007).     
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Spermatogenesis:

1.proliferative phase 
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Pay attention! 
To sustain sperm production, spermatogenic 
stem cells undergo perpetual renewal. 

Thus, within the seminiferous tubules an A-type 
spermatogonia could commit either to renewal or to 
differentiation into B-type spermatogonia* competent 

to enter meiosis.

Continuous production of spermatozoa is 
maintained through the reproductive lifespan 
of Mammals 

*
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 During the late stages of spermatogenesis
(spermiogenesis), the haploid somatic-cell
like round spermatid is transformed into a 
specialized, nearly cytoplasm-free 
spermatozoon capable of acquiring
progressive motility and fertilizing a 
mature oocyte in the site of fertilization

Spermatogenesis: 
3.Differentiative phase or spermiogenesis
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Tutto ciò avviene nel polo cellulare opposto rispetto ai centrioli la cui migrazione 

induce lo spostamento del nucleo in periferia (durante la fase acrosomiale) e la 

nucleazione dell’assonema, quale parte costituente del flagello (Junqueira, 

Carneiro., 2006). 

Nella fase acrosomiale si completa la formazione dell’acrosoma che andrà ora a 

coprire quasi interamente la metà superiore dell’area nucleare, il cui nucleo si 

allunga e condensa, mediante sostituzione delle proteine istoniche con le protammine 

che inducono la formazione di un maggiore numero di ponti disolfuro che compatta 

la cromatina.  

I mitocondri, che hanno origine dal citoplasma dello spermatide, si avvolgono a 

spirale intorno ad una regione della coda dello spermatozoo, chiamata middle-piece, 

la quale, durante i movimenti flagellari, consumerà l’energia (ATP) prodotta dal 

metabolismo mitocondriale. 

In questa fase avviene anche l’allineamento dello spermatozoo con la testa rivolta 

verso la parete del tubulo seminifero ed il flagello in allungamento verso il lume 

tubulare.  

Nella fase di maturazione si assiste essenzialmente alla conclusione della formazione 

di testa e flagello, ma soprattutto alla perdita di citoplasma, che avviene con il 

distacco di vescicolette, i corpi residui, che vengono fagocitati dalle cellule del 

Sertoli. Infine si ha il distacco degli spermatozoi dalle cellule del Sertoli ed il loro 

conseguente rilascio nel lume del tubulo seminifero (Figura 4). 

   Figura 4 - Spermiogenesi e struttura di uno spermatozoo 
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• Genomic methylation pattern is also 
acquired during male germ cell development
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Progression of genomic methylation pattern acquisition during male germ 
cell development, as represented by the intensity of the gray shading. 
De-novo and mainteinance methylation events are indicated under the appropriate germ cell types. 

From Lucifero et al 2004



THE FERTILIZING SPERM’S LIFE-STORY
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Coitus

-In epididymus sperm cells 
are immotile. 
-Just before ejaculation, 
cointained in seminal 
plasma, motility is activated. 
-After ejaculatation, inside 
the uterus spermatozoa are 
motile
-Then, inside the oviductal 
isthmus sperm motility is 
inactivated



Capacitated spermatozoa meet the 

ovulated MII oocyte at the **site of 

fertilization, that is in the oviduct in 

the swine

**site of 

fertilization

After coitus, ejaculated sperm are released into female tract*. Before gaining the 
ability to fertilize the oocyte, they must reside there a minimum period and undergo 
the process of CAPACITATION

*In swine, the uterus is the site of 
semen deposition



Pig oocyte

ovutated from 

ovary reaches 

the site of 

fertilization 

within a few 

minutes, then 

waits the 

sperm

After fertilization, the 

zygote goes slowly

through the oviductal

isthmus and within

days it reaches the 

uterus, where it

implants and 

develops

Pig

spermatozoa

go in the 

opposite 

direction, that is

from uterus

toward the site 

of fertilization. 

Here they wait

for 

approximately

40 hours 

A low number of spermatozoa reaches the site of fertilization*

**



TIME OF GAMETE SURVIVAL

Species Oocyte (h) Sperm (h)

Bovine 10 – 12 24 – 48

Ovine 10 – 15 24 – 48

Swine 8 – 12 24 – 42

Horse 8 – 10 140

Human 8 – 10 24 – 72



 How spermatozoa are induced to reactivate motility 
and leave the reservoir (utero-tubal junction) to get 
the site of fertilization? 
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The coordination between the transport of the 
gametes is essential for the success of 

fertilization



At ovulation, P4 is released to the isthmus of oviduct by a counter-current 
system re-activating the motility of the spermatozoa contained in the 

reservoir (utero-tubal junction) 
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Interactions

Prof. L. Gioia_Biology of sperm cell

Sperm-epithelium 
interaction

Sperm-ZP 
interaction

CAPACITATION

OVIDUCT

UTERUS

ampulla
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CAPACITATION
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CAPACITATION

Events occurring in sperm head

Events that initiate capacitation: 
changes in the lipid organization of 
the sperm plasma membrane that 
are essential to enhance the 
fusogenicity of sperm membranes

Event that is a consequence of 
capacitation: AR

Events occurring in sperm tail

 Motility changes 
(hyperactivated motility)

Glycolisis is important in the event
leading to hyperactivation
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Induces a series of physiological changes in the sperm, which 
acquires the ability of responding to an agonist (e.g. ZP)



CAPACITATION

A preparatory process of membrane destabilization

must take place prior to sperm encountering the egg

Spermiogenesis/
sperm maturation/
storage

Sperm membrane must 

remain stable

time of fertilization

Sperm membrane must be 

in a metastable fusible state
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Molecular basis of CAPACITATION 
in mammalian sperm 

HCO-
3 transport in sperm

causes

1. stimulation of sperm AC 

2. increase in cAMP

3. activation of PKA

4. phosphorylation of target 
proteins that initiate several 
signaling pathways           
(Harrison 2004; Harrison & Miller 2000)

HCO-
3 transport in sperm

causes

 increase in intracellular pH

Prof. L. Gioia_Biology of sperm cell

Sperm capacitation is a  HCO-
3-dependent process



Sperm capacitation is a  HCO-
3-dependent process
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HCO3
- -induced 

scrambling is a 
major direct 
effect that 
enables and 
facilitates 
albumin-mediated 
cholesterol 
extraction

http://jcs.biologists.org/content/vol114/issue19/images/large/JCS2831F10.jpeg


 The component particularly responsible for inducing 

capacitation is BICARBONATE (HCO3
-)/CO2

 It acts by stimulating a special adenylyl cyclase (AC) 

abundant in sperm

cAMP increases

PKA activation

Sperm plasma membrane changes

(alteration in lipid architecture)

Gadella et al. 2002

Merocyanin staining

Tyr phosphorylation 

of several substrates 
PKA-dependent activation of scramblase

-bilayer redistribution of aminophospholipids

-lateral redistribution of seminolipid and 

cholesterol/ cholesterol extraction by Albumin



CAPACITATION

Events that initiate
capacitation

 Changes in the lipid organization
of the sperm plasma membrane 
that are essential to enhance the 
fusogenicity of sperm
membranes

 Increased tyrosine
phosphorilation of proteins

 Ion fluxes resulting in alteration
of sperm membrane potential

Event that are a consequence
of capacitation

 AR
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Events occurring in sperm head



 HCO-
3 and the cAMP pathway

 Changes that occur at the level of plasma membrane (early
events/late events)

 Change of sperm plasma membrane potential

 Tyr Phosphorylation events

 Ca2+
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Molecular basis of CAPACITATION 
in mammalian sperm 

Sperm capacitation is a process in which early changes take place 
rapidly as 1 min, whereas full capacitation is accomplished within 
hours (depending on the species of interest)



Molecular basis of CAPACITATION 
in mammalian sperm 

rapid

1. Associated with the 
activation of HCO3/AC/PKA 
pathway, that leads to the 
activation of sperm
phospholipid scramblase
causing a different lipid
organization

slow

 Related with the presence of 
cholesterol acceptors
(i.e.albumin) that facilitate 
cholesterol extraction from 
sperm plasma membrane. This
mechanism can account for the 
membrane fluidity changes
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Changes that occur at the level of plasma 
membrane architecture

Change of sperm plasma membrane potential



CAPACITATION

Events that initiate
capacitation

 Increased tyrosine
phosphorylation of proteins

Event that are a consequence
of capacitation

 Motility changes
(hyperactivated motility)

Glycolisis is important in the 
event leading to hyperactivation
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Events occurring in sperm tail



✔HCO-
3 and the cAMP pathway

✔Changes that occur at the level of plasma membrane 
(early events/late events)

✔Change of sperm plasma membrane potential

 Tyr Phosphorylation events

 Ca2+
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Molecular basis of CAPACITATION 
in mammalian sperm 



Molecular basis of CAPACITATION 
in mammalian sperm 

slow

 The rise in Tyr phosphorylation
of proteins gives rise to 
downstrem events in the 
sperm tail (e. g. a rise in 
glycolysis and hyperactivated
motility) and in sperm head 
(increased ZP affinity as well as
acrosome fusogenicity)
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Tyr phosphorylation events



✔HCO-
3 and the cAMP pathway

✔Changes that occur at the level of plasma membrane 
(early events/late events)

✔Change of sperm plasma membrane potential

✔Tyr Phosphorylation events

 Ca2+
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Molecular basis of CAPACITATION 
in mammalian sperm 



 During the later stages of their development spermatozoa
shed much of their cytoplasm including intracellular
organelles. Thus mammalian sperm contain no organised
ER. However, studies on the expression of Ca2+ store
components and on the generation of [Ca2+]i signals
suggest that the remaining intracellular organelles
function as Ca2+-stores and play a significant role in the 
regulation of cellular function (Costello et al. 2009).

 In particular, the acrosomal vesicle at the apex of the 
head and the collection of vesicular membranous
structures (RNE/CRV) that occur at the sperm neck and 
anterior midpiece (including the cytoplasmic droplet of 
human sperm) appear to be functionally important Ca2+-
stores (shown in green). 

Sperm Ca2+ stores
on the acrosome and at the sperm neck
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CatSper channels in the flagellum
(yellow box) are activated by diverse 
stimuli including intracellular pH 
(pHi), membrane potential (Em), 
progesterone, prostaglandins and 
other organic molecules

Ca2+ from the flagellum diffuses
forward, raising [Ca2+]i at the sperm
neck and can mobilise stored Ca2+ 

by Ca2+-induced Ca2+ release (CICR), 
triggering hyperactivation

Reproduction (2015) 150 R65–R76 

Model for triggering/regulation of CatSper-activated 
hyper-activation

Susceptibility of the store to 
CICR is potentially 
regulated/sensitised by 
processes occurring during 
capacitation, as well as Ca2+ 

store filling and effects of 
agonists on Ca2+-store release 
channels
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MOTILITY



1. CCs

2. ZP

3. Oolemma

Capacitated sperm has to 

cross several oocyte 

vestments prior to 

fertilize it

Early events at 
fertilization


