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Abstract: 

In order to fertilize the egg, sperm cell undergoes several subsequent maturation 

processes. The final one called acrosome reaction is an exocytosis of acrosome vesicle, 

which is filled with lytic enzymes. Acrosome reaction is crucial for penetration of the 

sperm cell through the egg surroundings, especially zona pellucida, as well as for 

reorganization of a membrane protein composition on its surface. This rearrangement 

leads to the exposure of proteins essential for fertilization, mainly for gamete 

recognition, binding and fusion in specific compartments of the sperm head. One of 

such protein is CD46, which is located in the acrosomal membrane of an intact sperm 

and after acosomal exocytosis it relocates to the equatorial segment of a sperm head, 

which is known to be the initial site of interaction of sperm with the egg plasma 

membrane. The relocation of CD46 is disrupted by inhibition of actin, which 

reorganization within sperm head is known to play a role in onset of acrosome reaction, 

however, the precise mechanism of CD46 interaction with actin in sperm is unknown. 

In this thesis, ezrin – a crosslinker of membrane proteins and actin – has been studied in 

context of CD46 and its relocation across the sperm head. Analysis of the 

immunofluorescent detection of ezrin revealed its mutual localization with CD46, which 

is disrupted during acrosome reaction. The presence of ezrin in intact and acrosome-

reacted sperm was confirmed by western blot experiments. In addition, the interaction 

of CD46 and ezrin was detected by co-immunoprecipitation. Based on these findings, 

we propose that CD46 interaction with actin is mediated by ezrin in mouse sperm. 

 

Keywords: acrosome reaction, ezrin, CD46, actin, sperm 

 

 

 

 

 

 

 



Abstrakt: 

Spermie podstupuje několik návazných maturačních procesů, aby mohlo dojít 

k oplození. Posledním z nich je akrozomální reakce, exocytóza akrozomu, váčku 

naplněného lytickými enzymy. Akrozomální reakce je zásadní nejen pro průnik spermie 

skrz vaječné obaly, ale i pro reorganizaci membránových struktur spermie, v rámci které 

jsou na povrch vystaveny proteiny zásadní pro oplození, zejména pro rozpoznání, vazbu 

a fúzi gamet. Jedním z těchto proteinů je CD46, který se v intaktních spermiích nachází 

v akrozomální membráně a po zahájení exocytózy relokuje do ekvatoriálního segmentu 

hlavičky spermie, kde dochází k prvotnímu kontaktu spermie s plazmatickou 

membránou vajíčka. Relokaci CD46 zamezuje inhibice aktinu, jehož reorganizace v 

hlavičce spermie hraje důležitou roli v akrozomální reakci, nicméně není zřejmé, jakým 

mechanismem CD46 a aktin interagují. V této práci byl studován ezrin, protein 

propojující membránové proteiny s aktinovým cytoskeletem, v kontextu CD46 a jeho 

relokace. Imunofluorescenční detekce ezrinu odhalila jeho kolokalizaci s CD46, která je 

narušena během akrozomální reakce. Přítomnost ezrinu v intaktních i akrozomálně 

zreagovaných spermiích byla potvrzena technikou western blot. Interakce CD46 a 

ezrinu byla detekována ko-imunoprecipitací. Na základě těchto zjištění navrhujeme, že 

ezrin zprostředkovává interakci CD46 a aktinu v myší spermii. 

 

Klíčová slova: akrozomální reakce, ezrin, CD46, aktin, spermie 
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1. Introduction 

So far, much effort has been made to better understand the sperm cell maturation, 

including the dramatic metamorphosis of sperm called acrosome reaction (AR). This 

event was shown to be necessary for successful fertilization, which enhances the 

motivation for exploring the details of its mechanism. As discussed hereinafter, the 

acrosome vesicle is a unique sperm organelle and the process of its exocytosis was 

found to evince many uncommon characteristics, but at the same time, the fusion 

machinery consists of the highly conserved molecules known for driving the processes 

of membrane fusion and exocytosis in somatic cells. Therefore, the novel findings about 

AR can be relevant in context of exocytosis in general. Among the vesicle exocytosis, 

AR also leads to alteration of the sperm surface and exposure of proteins engaged in 

upcoming steps of fertilization. These proteins relocate from the region of apical 

acrosome to the equatorial segment of the sperm head, where they take part in the 

gamete binding and fusion. This relocation was shown to be dependent on actin 

rearrangement. Moreover, actin dynamics also play an important role in preceding 

maturation step of capacitation. Therefore, the role of actin-associated proteins in sperm 

has been a subject to extensive studies.  

This thesis focuses on mechanism of interaction of CD46 with actin, specifically on 

potential role of ezrin, an adaptor protein connecting cortical cytoskeleton with 

membrane proteins, in this interaction. The presence of ezrin, change of its localization 

during AR and interaction with CD46 in mouse sperm have been examined and possible 

roles of ezrin among mediation of interaction between CD46 and actin in sperm have 

been discussed. 
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2. Literature review 

2.1. Sperm biogenesis 

With its unusual size, shape and many other characteristics, a sperm cell is created in 

order to perfectly complement an egg. To outline the basis of its particularities, the 

sperm cell development is briefly described in this chapter. The whole process of a 

sperm formation can be divided into two major parts of spermatogenesis: firstly, a 

progenitor cells undergo a reduction of genetic material; secondly, haploid phase which 

includes spermiogenesis and spermiation, most of the cytoplasm is forfeited and many 

organelles are modified, eliminated or even newly established, resulting in fully mature 

spermatozoa. Since the onset of reproductive maturation, it all happens daily within a 

germinal epithelium of seminiferous tubules in testis, where all the consecutive steps are 

directed into a lumen, where the newly formed sperm cells are released.  

The spermatogenesis starts under an influence of gonadotropic hormones at the level of 

spermatogonia A, progenitor cells which are able to either mitotically proliferate and 

self-renew or consecutively differentiate into a meiosis-competent spermatogonia B. 

Spermatogonia A undergo renewal mitotic division in order to maintain the capacity for 

continuous production of the mature sperm cells. To provide equally required 

differentiation, spermatogonia B enter the meiotic division and proceed further with the 

process of spermiogenesis. (Jonge & Barratt, 2006). During subsequent part of the 

spermatogenesis called spermiogenesis, the haploid round-shaped spermatids are 

modified into cells with highly differentiated areas of plasma membrane and 

cytoskeleton.  

The resulting mammalian sperm cell is adapted for its unique task of passing through a 

female reproductive tract and fertilizing the egg. The complex reorganization of sperm 

cell is provided by upregulation of transcription and translation of germ specific genes 

in early phases of spermiogenesis (Dadoune et al., 2004; Kleene, 1989). Many 

structures are established (Oko, 1998), such as flagellum and axoneme (Inaba, 2007; 

Mohri, 1968; Nicastro et al., 2006; Olson & Linck, 1977; Schalles et al., 1998), 

midpiece (Anderson et al., 2005; Olson & Winfrey, 1990), connecting piece (Fawcett & 

Phillips, 1969; Ounjai et al., 2012) or perinuclear theca (Longo et al., 1987; Oko & 

Maravei, 1994; Sutovsky et al., 2003), coinciding with rejection of cytoplasm (Sprando 

& Russell, 1987) and condensation of DNA (Balhorn et al., 1984). The sperm cell can 
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then be divided into head containing condensed nucleus and acrosome, centriole-

containing neck and the tail with a microtubular core structure and locomotive function, 

divided into a midpiece with mitochondria wrapped around the filamentous core, the 

principal piece and the end piece (Lindemann & Lesich, 2016). With respect to the topic 

of this thesis, following text is focused on the genesis of the acrosome. 

The acrosome is a sperm-specific organelle, which is filled with acid hydrolytic 

enzymes - similarly to lysosome - and it derives from a Golgi apparatus (Martínez-

Menárguez et al., 1996). Based on the theory of Golgi-derived acrosome, four stages of 

spermiogenesis have been described: Golgi, cap, acrosomal, and maturation (Leblond & 

Clermont, 1952). First, Golgi-derived granules fuse together and create one vesicle, 

which in the cap phase reaches the nucleus, gets attached to the nuclear envelope by a 

cytoskeletal structure called acroplaxome (Kierszenbaum et al., 2003) and enlarges over 

the nucleus apical surface. During the upcoming acrosome and maturation phases, when 

the spermatid elongates, the acrosome further expands and together with the nucleus 

obtains its species-specific shape. Two regions of acrosomal membrane are 

distinguished: inner acrosomal membrane (IAM) and outer acrosomal membrane 

(OAM) (Fig. 1). 

After all above mentioned conversions are completed, the sperm detach from the 

seminiferous epithelium into the lumen in a process of spermiation (O´Donnell et al., 

2011; Russell et al., 1989). However, the sperm undergo much more changes on their 

way to the egg during their maturation, which is summarized in the upcoming chapter. 

 

 

 



   
 

4 
 

 

Figure 1: Mouse sperm head morphology. Two parts of acrosomal membrane are 

distinguished: Outer acrosomal membrane (OAM) neighbouring with the plasma membrane 

(PM) and inner acrosomal membrane (IAM) overlying the nuclear membrane (NM). In general, 

the sperm head can be divided into postacrosomal region (brown), equatorial segment (blue) 

and acrosomal cap region (yellow). 

 

2.2. Sperm maturation 

In general, the mammalian sperm maturation takes since sperm are released into the 

lumen of seminiferous tubule until they reach the egg. This chapter describes shortly a 

journey of sperm through the reproductive tracts of both male and female with their 

final destination of an ampullary region of an oviduct, where the fertilization occurs. 

2.2.1. Epididymal maturation 

After the sperm are released into the seminiferous tubules of testis, they pass through 

the epididymis, a tubular system that connects testes with vas deferens, while being 

sequentially transformed into progressively moving and fertilization-capable sperm. 

This process of biochemical and physiological adjustment is called the epididymal 

maturation and it is facilitated by a highly regionalized microenvironment, to which the 

sperm are exposed during their descent through the epididymis (Orgebin-Crist, 1967). 

This compartmentalization is given by a diverge distribution of the specific cell types 

within the epithelium in each anatomical segment of the epididymis, resulting in a 

differential luminal ion concentrations and secretome composition. In brief, the most 
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abundant cell types are the principal cells with highly developed endoplasmic reticulum 

and Golgi (Hoffer et al., 1973) and the clear cells with high endocytic capacity (Hermo 

et al., 1988) and pH-regulating function (Brown et al., 1997). The epididymis can be 

divided into four distinct regions: the initial segment, the caput, corpus and cauda. 

After the testicular sperm enter the initial segment where most of the testicular fluid is 

absorbed (Abe et al., 1984), they continue to the caput, where they partly gain the 

ability to recognize the egg and to swim in a progressive manner (Aitken et al., 2007). 

These newly acquired characteristics are further developed in the upcoming corpus. In 

these parts of the epididymis, the principal cells exhibit high level of proteosynthesis 

and secretion (Turner et al., 1995), whereas in the caudal region, the principal cells 

together with therein abundant clear cells perform increased absorptive activity. Among 

modifications on level of acquisition of the progressive motility (Vadnais et al., 2013) 

and migration of cytoplasmic droplet with possible role in ion homeostasis and energy 

metabolism regulation (Au et al., 2015), epididymal sperm are subjected to changes in 

their protein content during their descent through the epididymis. The sperm obtain 

proteins participating in the upcoming capacitation (Krapf et al., 2012; Zhou et al., 

2008), zona pellucida recognition (Maldera et al., 2013), acrosome reaction (Joshi et al., 

2013) or sperm-egg fusion (Cohen et al., 2001; Cohen et al., 2000). The cauda serves as 

a sperm reservoir, where the sperm complete the acquisition of new functions and 

become fully adapted for the upcoming maturation steps in the female tract. Therefore, 

for the in vitro experiments regarding upcoming maturation steps and fertilization, it is 

appropriate to use the sperm from cauda epididymis (see Materials and methods, 

Preparation of released sperm samples). 

Even though the epididymal maturation plays its unprecedented role among the 

following maturation processes, therein completed modifications of sperm 

characteristics are broadly based on a principle observable among all the consecutive 

maturation steps: to obtain different functional characteristics prior to fertilization, the 

composition of the sperm plasma membrane is altered. During the epididymal 

maturation, part of the membrane proteins of testicular origin are modified, moved or 

substituted by the added epididymal proteins. The epididymal fluid contains soluble 

glycosyltransferases and glycohydrolases, which may be involved in alteration of sperm 

glycocalyx (Tulsiani, 2003), the degree of accessibility of specific lectins is altered 

together with epitope recognition profile and adhesion ability. Also, the sialic acid is 
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incorporated (Ma et al., 2016), leading to increase of the negative surface charge and 

protecting the sperm cells from the female tract environment. Above all, the lipid 

homeostasis is also modified during the epididymal maturation: the membrane fluidity 

is increased due to decreased cholesterol : phospholipid ratio and raised abundance of 

polyunsaturated fatty acids (Pyttel et al., 2014), resulting in higher membrane fluidity 

(Christova et al., 2004), further developed in an upcoming maturation step.  

2.2.2. Capacitation 

After the sperm are ejaculated into the female reproduction tract, they undergo a 

combination of sequential processes affecting both the head and the tail, called 

capacitation (Chang, 1951). During this event, various parallel signal transduction 

pathways are activated, resulting in changes of the membrane composition and 

polarization, motility and protein phosphorylation enabling sperm to undergo the 

acrosome reaction in order to fertilize the egg.  

When the sperm leave the epididymal environment, they are exposed to seminal plasma 

and afterward to fluids produced by the female reproductive tract, both of different ionic 

concentrations in comparison with the epididymal fluid. Low concentration of 

bicarbonate (HCO3
-
) and low pH cause sperm to persist in quiescent state in the 

epididymis (Pastor-Soler et al., 2005). After the sperm cells leave the epididymal fluid, 

they respond to a significantly increased extracellular concentration of bicarbonate 

(HCO3
-
) by its increased import, contributing to the sperm cell alkalization (Zeng et al., 

1996) as shown in carbonic anhydrase II and IV double knockout males, where the 

disruption of HCO3
- 
/CO2 equilibrium lead to 90% decrease of fertility of the offspring 

(Wandernoth et al., 2015). The increase in intracellular pH leads to an activation of Ca
2+ 

cation channels of sperm (CatSper) (Kirichok et al., 2006) and K
+ 

channels called SLO3 

(Santi et al., 2010), both crucial for the plasma membrane hyperpolarization (Chávez et 

al., 2013; Zeng et al., 2013), essential for the AR (De La Vega-Beltran et al., 2012), and 

hyperactivation (Zeng et al., 2013), an asymmetric high-amplitude motility pattern of 

the sperm flagellum, necessary for a successful penetration through the mucus in 

oviductal lumen and the subsequent fertilization (Quill et al., 2003). Accordingly, the 

domains  of Ca
2+

 signalling molecules organized by CatSper channels within sperm 

flagellum were detected in mouse sperm (Chung et al., 2014). Interestingly, it has been 

shown that actin polymerization within flagellum is also needed for achieving the 
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hyperactivated motility (Finkelstein et al., 2013), mediated by phospholipase-D (PLD) 

(Itach et al., 2012). Correspondingly, the actin localized between the axoneme and 

plasma membrane in principal piece has been detected in mouse sperm (Gervasi et al., 

2018) together with its helical localization along the mitochondria in midpiece, possibly 

providing mechanical support. The hyperactivation can be also stimulated by Zn
2+

, as 

shown in human sperm (Allouche-Fitoussi et al., 2018; Kerns et al., 2018). 

HCO3
- 

also enables activation of soluble adenylyl cyclase (sAC) (Kleinboelting et al., 

2014) and consecutively activation of protein kinase A (PKA). It has been shown that 

sperm of sAC 
-
/
-
 mice are unable to capacitate and to fertilize the egg due to their lack of 

motility (Hess et al., 2005). The initial activation of PKA triggers many downstream 

capacitation processes, resulting in SLO3 stimulation (Stival et al., 2015), Cystic 

Fibrosis Transmembrane Conductance Regulator Channel (CFTR) activation enabling 

continued uptake of HCO3
- 

(Puga Molina et al., 2018), tyrosine phosphorylation 

(Arcelay et al., 2008; Visconti et al., 1995) or activation of Src family kinases 

(Battistone et al., 2013). Recently, it has been shown that the lysine acetylation 

increases in mouse sperm during capacitation and pharmacological hyperacetylation 

induced PKA activation, hyperpolarization and hyperactivation in non-capacitating 

condition, implying the involvement of acetylation in capacitation process (Ritagliati 

et al., 2018). 

The capacitation also leads to changes on the plasma membrane level. In order to 

promote the membrane fusion during the acrosome reaction by increase of the 

membrane fluidity, the cholesterol molecules are removed from the plasma membrane 

by the bovine serum albumin (BSA) (Go & Wolf, 1985), therefore, BSA is together 

with high concentrations of HCO3
- 
and Ca

2+
 the essential ingredient of media simulating 

the female tract environment, used for in vitro capacitation experiments. In the sperm 

cell, cholesterol is thought to be concentrated in lipid rafts and its detachment from the 

plasma membrane leads to disruption of lipid rafts and to lateral redistribution of lipid 

raft resident proteins (Shadan et al., 2004; Sleight et al., 2005). Accordingly, it was 

shown in guinea pig sperm that after the intracellular increase of Ca
2+

 during the 

capacitation, calcium-dependent protease called calpain1 is translocated to PM of apical 

acrosome and postacrosmal regions and cleaves spectrin, the cytoskeletal protein 

forming the PM-associated network (Bastián et al., 2014). The cleavage of spectrin 

cytoskeleton then causes disruption of actin filaments, resulting in redistribution of lipid 



   
 

8 
 

rafts (Maldonado-García et al., 2017). In general, the changes of the lipid raft 

composition seem to trigger upcoming maturation processes (Watanabe et al., 2017). 

For example, the reorganization of lipid rafts allows release and activation of 

phospholipase-B (PLB), which stimulates the upcoming acrosome reaction in murine 

sperm (Asano et al., 2013). 

Along with the increase of plasma membrane fluidity, the mechanism preventing the 

premature AR takes place. Study on an isolated membranes showed that the actin 

filaments are attached to plasma and outer acrosomal membrane during capacitation in 

order to create a physical barrier and also to serve as a scaffold for phospolipase-C 

(PLC) (Spungin et al., 1995). The polymerization of actin was confirmed in sperm cell 

together with the fact that this process can be repressed by inhibition of protein 

phosphorylation or by lack of HCO3
-
 during incubation, due to its regulation by PKA 

(Brener et al., 2003). The PKA induces activation of phospholipase-D (PLD) and 

Calmodulin-kinase II (CaMKII), which mediates activation of phosphatidyl-inositol-3-

kinase (PI3K). Both PLD and PI3K induce actin polymerization and thus prevention of 

spontaneous acrosome reaction (Tsirulnikov et al., 2019). Since protein kinase C (PKC) 

inhibits PI3K, the ratio between PKA/PKC activity determines whether the actin 

polymerization takes place (Cohen et al., 2004).  

2.2.3. Acrosome reaction  

In order to fertilize the egg, the capacitated sperm need to undergo the last maturation 

step of AR, an irreversible Ca
2+

-dependent controlled exocytosis of the acrosomal 

vesicle (Dan, 1952). The exocytosis leads to release of the lytic enzymes contributing to 

sperm penetration through ZP. Moreover, the AR is also crucial for the rearrangement 

of proteins on the sperm surface in order to become fusion-competent. In this section, 

the mechanisms of the AR and its regulation are described. 

The mammalian egg is enveloped by two distinct barriers, the cumulus cells together  

with extracellular matrix with high content of hyaluronic acid layered upon ZP, the 

glycoprotein structure composed from three or four types of ZP proteins (ZP1,2,3,4), 

depending on a species (Stetson et al., 2015; Wassarman et al., 2004). Despite all the 

gained information about the acrosomal content, it is still uncertain which proteins are 

crucial for triggering the acrosomal exocytosis and for the sufficient penetration. For a 

long time, the zona pellucida glycoprotein 3 (ZP3) has been considered as a general 
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inducer of the AR (Florman & Storey, 1982; Leyton & Saling, 1989) and after the IAM 

gets exposed, the secondary binding to zona pellucida glycoprotein 2 (ZP2) may take 

place and mediate the sperm penetration (Ferrer et al., 2012; Howes et al., 2001). 

However, it has been shown that the knockout of its gene does not lead to male 

infertility (Muro et al., 2012), questioning the ZP3 role as a physiological inducer of the 

AR. In addition, it has been found out that mouse sperm cells mostly undergo the 

acrosomal exocytosis earlier on the level of cumulus cells (Jin et al., 2011) in vitro and 

in the istmus of oviduct in vivo (La Spina et al., 2016), implicating the assistive but not 

essential role of zona pellucida binding regarding the penetration through the egg 

surroundings. Therefore, the ability to pass through ZP seems to be brought by the 

combination of the physical rupture of ZP due to sperm movement with proteolytic 

activity of the released acrosomal proteins.  

On the level of signal transduction pathways, the exact connection between studied 

enzymes and reactions is still an active area of research. Since both the onset and correct 

progression of the irreversible AR are crucial for the fertilization, the existence of its 

multiple signalling pathways can be explained as a safety mechanism providing 

robustness of the regulation (Simons & Fauci, 2018). The AR is initiated by a biphasic 

increase of intracellular Ca
2+ 

concentration, when the first rapid Ca
2+

 increase is 

followed by the sustained response (Kirkman-Brown et al., 2000). In mouse, possible 

inducers are ZP3 or progesterone (O’Toole et al., 2000; Roldan et al., 1994; 

Romarowski et al., 2016), probably regulating the AR by different signal transduction 

pathways (Fukami et al., 2003). Interestingly, the recent study showed that the 

dissociation of PKA from its scaffold protein after capacitation triggers the calcium 

influx through CatSper channels, which propagates from the principal piece to the 

sperm head and induces AR (Stival et al., 2018). The intracellular increase of Ca
2+

 

occurs and leads to release of  Ca
2+

 from the acrosomal and redundant nuclear envelope 

(De Blas et al., 2002; Ho & Suarez, 2003), mediated by PLC-dependent production of 

inositol-1,4,5-trisphosphate (IP3) (Fukami et al., 2001). The release of intra-acrosomal 

Ca
2+

 can be also induced by Ca
2+

 dependent cAMP pathway (Lucchesi et al., 2016). The 

G-protein coupled receptor (GPCR) pathway also takes part in AR induction. Once 

progesterone binds its receptor, the phospholipase-A2 (PLA2) activation is induced 

(Pietrobon et al., 2005), leading to production of highly fusogenic 

lysophosphatidylcholine and arachidonic acid, possibly contributing to destabilization 
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of the PM. Alternatively, AR can be induced by Zn
2+ 

-dependent activation of GPCR 

pathway (Michailov et al., 2014).  

Although the fusion machinery of mammalian sperm consists of proteins known from 

the other cell types (Bustos et al., 2012; Hutt et al., 2002; Ramalho-Santos et al., 2000; 

Reid et al., 2012; Tomes et al., 2005; Zhao et al., 2007; Zhou et al., 2017b), there are 

many exceptional aspects given by the unusual shape and size of the acrosome vesicle, 

unseen in other described types of exocytosis: The acrosome is the single secretory 

vesicle in the whole sperm occupying significant area of the sperm head. Due to the size 

of the acrosome, a physical approaching of the fusing membranes is facilitated by 

swelling of the acrosomal membrane instead of a movement of the acrosome towards 

the plasma membrane (Zanetti & Mayorga, 2009). Another significant difference 

resides in the unique mechanism of the membrane fusion: The plasma membrane fuses 

with the swollen OAM on multiple fusion sites while the hybrid fusion vesicles are 

formed and discarded together with part of cytosolic content (Zanetti & Mayorga, 

2009). Afterwards, the IAM overlaying the nucleus becomes a part of the plasma 

membrane, leading to topology and composition changes (Miranda et al., 2009), when 

proteins promoting the gamete interaction and fusion are displayed on the sperm 

surface. 

As described above, the actin polymerization in acrosomal region during capacitation 

prevents the fusion of OAM and PM by creating a physical barrier. During AR, the 

breakdown and remodelling of actin filaments takes place, where the filamentous actin 

(F-actin) relocates to postacrosomal segment of the sperm head. In context of the 

association of cortical cytoskeleton with sperm membrane structures, the linkage of 

actin cytoskeleton to PM by focal adhesion complex in acrosomal region has been 

described and its role in actin remodelling has been proposed (Roa-Espitia et al., 2016). 

This complex consists of paxillin, vinculin, talin, β1 integrin, α-actinin and focal 

adhesion kinase (FAK) and assembles during capacitation, when it associates with F-

actin and probably takes part in maintenance of acrosome integrity. Prior to membrane 

fusion, rapid F-actin breakdown is necessary (Spungin et al., 1995) and is promoted by 

severing proteins gelsolin (Finkelstein et al., 2010) and cofilin (Chen et al., 2016; 

Megnagi et al., 2015; Romarowski et al., 2015), which are inactivated during 

capacitation. The remodelling is then facilitated by small GTPases, Wiskott Aldrich 
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syndrome protein (Wasp), actin-related protein 2/3 (Arp2/3) complex and profilin 

(Delgado-Buenrostro et al., 2016; Lee et al., 2015).  

After the fusion vesicles and portion of cytoplasm are removed, the final modifications 

prior to gamete fusion take place. Unlike the apical areas of OAM, the IAM does not 

evince the fusogenic properties until the newly established sperm surface is reorganized, 

specifically the equatorial segment (ES) of the sperm head, where the initial sperm-egg 

contact occur (Bedford et al., 1979). The ES may become fusogenic by modification of 

herein localized proteins (Fujihara et al., 2010; Lv et al., 2010; Wolkowicz et al., 2008) 

or by translocation of fusogenic proteins to ES from other areas of the sperm head, as 

discussed in an upcoming section. Several candidates with possible role in gamete 

fusion have been proposed, such as proteins of Cysteine-Rich Secretory Protein 

(CRISP), CRISP1 (Da Ros et al., 2008) together with CRISP2 (Brukman et al., 2016), 

sperm c lysozyme-like protein (SLLP1) (Herrero et al., 2005), equatorin (Hao et al., 

2014) or α-L-fucosidaese (Phopin et al., 2013). However, so far the only protein 

confirmed as essential for sperm-egg fusion is the sperm protein Izumo1 (Satouh et al., 

2012), due to infertility of Izumo1 
-
/
-
 male mice caused by the lack of fusion ability 

(Inoue et al., 2005), together with its complementary binding partner Juno on the egg 

membrane (Bianchi et al., 2014). On the other hand, the rest of herein mentioned 

proteins may not be responsible for the fusion, but could have a role in gamete 

recognition or binding. 

In conclusion, the sperm maturation consists of many complex processes modifying the 

sperm cell characteristics on several different levels, including the alterations of the 

intracellular environment, changes of the motility pattern or subsequent modification of 

the plasma membrane, together leading to the final acrosomal exocytosis accompanied 

with the radical membrane reorganization. To fully understand the mechanisms of the 

abovementioned maturation steps, many challenges are yet to be met.  

This thesis is focused on the mechanism of CD46 association with actin, specifically on 

the possible role of the actin-associated cross-linker ezrin in this interaction and its 

potential role in the relocation of CD46. Therefore, the upcoming chapter first concerns 

the role of actin cytoskeleton in protein relocation during the AR, followed by the 

introduction of the CD46 and ezrin. 
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Figure 2: Schematic diagram of actin dynamics during the progression of acrosome reaction. 

Filamentous actin occurs in several regions of mouse sperm head. Once the sperm is exposed 

to AR stimulus, the breakdown of actin filaments in septum and lower acrosome occurs. The 

upper acrosome filaments are disassembled and released in hybrid vesicles. FM4-64, the 

marker of plasma membrane, is depicted in pink (adopted from Romarowski et al., 2018). 

 

2.3. Proteins of interest  

2.3.1. Actin cytoskeleton and protein relocation 

The previous chapter intended to illustrate the complexity of maturation steps leading to 

the AR and to provide examples of studies focused on a role of actin cytoskeleton in 

capacitation, when the amount of polymerized actin increase prior to the F-actin 

breakdown during AR. In a recently published work (Romarowski et al., 2018), the 

actin dynamics on the onset of acrosome reaction was examined with use of live 

imaging and the precise regions of polymerized actin occurrence during capacitation 

were determined (Fig. 2) together with the breakdown of the filaments located along the 

upper and lower acrosome and postacrosomal area called septum at the beginning of the 

AR. Taken together, the importance of actin reorganization at the beginning of AR is 

evident. Even though the role of actin cytoskeleton in the later stages of AR is still 

unclear, some studies prove its participation on the protein relocation. For example, the 

testis-specific Serine/Threonine kinase TSSK6, which is localized in the posterior 

region of the sperm head and in a pointed tip of the sperm head called perforatorium 

(Dvořáková et al., 2005), was proven as essential for male fertility (Sosnik et al., 2009): 

In Tssk6-null infertile sperm cells, which were incapable of fusing with the egg, the 

Izumo1 was not relocated after the AR and concurrently, the actin polymerization was 
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compromised. Above all, both the inhibitor of actin polymerization Latrunculin A and 

the inhibition of myosin prevented relocation of Izumo1 in wild-type sperm. This result 

was confirmed recently (Zhou et al., 2017a), supporting the role of actin in the protein 

relocation. To further examine the involvement of actin cytoskeleton in protein 

relocation, the relocation pattern of sperm-specific plus-end capping protein CAPZA3 

was described (Sosnik et al., 2010). The CAPZA3 was redistributed to postacrosomal 

region of the sperm head onwards the translocation of Izumo1. Therefore, the authors 

proposed a model where the CAPZA3 relocates on the onset of AR in order to stabilize 

the actin filaments, which may serve for myosin-dependent migration of Izumo1. In 

accordance to these findings, Latrunculin A also prevents the relocation of protein 

described in an upcoming section.   

2.3.2. CD46 

In human somatic cells, the cluster of differentiation 46 (CD46) protein is known as a 

regulator of complement pathway (Liszewski et al., 1991). However, in rodents, the 

CD46 is expressed much less on somatic cells and is present dominantly in testis, 

specifically in spermatids undergoing the genesis of acrosome (Tsujimura et al., 1998). 

In mature sperm cells, CD46 is localized in acrosomal membrane as a hypoglycosylated 

isoform of lower Mr (Riley et al., 2002). In general, the CD46 consists of N-terminal 

extracellular domain with four N-glycosylated complement control protein repeats 

(CCPs) and O-glycosylated serine, threonine, and proline-rich region (STP region), 

transmembrane domain and short C-terminal cytoplasmic domain and exists 

predominantly in four different isoforms due to alternative splicing (Riley et al., 2002). 

Interestingly, CD46 
-
/
-
 mouse sperm performed an increased rate of spontaneous AR 

(Inoue et al., 2003; Johnson et al., 2007), proposing the protective role of CD46 in 

maintenance of intact acrosome, with possible involvement of actin. In intact sperm 

cell, actin fills the equatorial segment and copies the plasma membrane. Also, the signal 

of actin overlays the signal of CD46 in area of acrosome cap (Fig. 3). The behaviour of 

CD46 after the exocytosis of acrosome was not characterized until our group described 

its relocation pattern and confirmed its association with β1 integrin (Frolikova et al., 

2016). After the acrosomal exocytosis, the CD46 appears on the sperm surface, it 

relocates to the ES and then spreads over the whole sperm head, implying its possible 

participation in processes subsequent to exocytosis. Concurrently, the physiological 

ligand of CD46 Jagged-1 has been discovered (Le Friec et al., 2012), expressed also in  
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 Figure 3. Actin localization in intact sperm head captured by STED super-resolution 

microscopy. Actin (red) is present in equatorial segment and acrosome cap, where it overlays 

CD46 (green) in fine line pattern (arrow). Scale bar represents 2 μm. Image was provided by 

Mgr. Michaela Frolíková, Ph.D. (unpublished). 

the oocytes (Johnson et al., 2001), suggesting the possible role of CD46 in gamete 

interaction. It has also been shown that in other cell types, the CD46 is involved in 

several signal transduction pathways involved in actin rearrangement, engaged in 

epithelial cell polarity (Ludford-Menting et al., 2002), autophagy (Joubert et al., 2009) 

or intestinal barrier integrity (Cardone et al., 2011) Importantly, the relocation of CD46 

is disrupted in presence of latrunculin A. This finding raises a new question: is the 

involvement of actin in CD46 relocation a consequence of their direct interaction? 

Alternatively, the interaction of CD46 with actin cytoskeleton could be facilitated by 

some adapter protein. One of the candidates is described next. 

2.3.2. Ezrin  

Ezrin is the most studied member of the ERM (ezrin, radixin and moesin) protein 

family, the organizers of specialized membrane domains interlinking the cortical 

cytoskeleton with plasma membrane. Due to their ability to connect PM with the 

underlying dynamic actin cytoskeleton, these proteins play a role in cell surface 

structure adhesion, cell migration or membrane organization. In general, the ERM 

proteins share the structural and functional characteristics but differ in their expression 

pattern. The ERM structure consists of N-terminal FERM domain associated with 

plasma membrane proteins, long helical region associating with PKA (Dransfield et al., 

1995), linker region and C-terminal ERM-association domain (C-ERMAD) able to bind 

F-actin (Turunen et al., 1994) called FERM domain. When the C-ERMAD and FERM 

domain associate, the ERM proteins obtain a closed inactive conformation with masked 

F-actin binding site (Gary & Bretschert, 1995). The activation is caused by the 

recruitment of ERM to phosphatidylinositol-4,5-bisphosphate (PIP2) on PM, probably 
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leading to conformational change unmasking the regulatory treonine (threonine 576 in 

ezrin) and allowing its subsequent phosphorylation (Fievet et al., 2004). Possibly, the 

ezrin activation may be also facilitated by phosphorylation of threonine 235, which is 

opposite to threonine 576 in the closed conformation (Yang & Hinds, 2003). The ezrin 

contains also phosphorylation sites on residues not present either in radixin or moesin 

(Kriegs & Hunter, 1992). Considering the localization, the ezrin is predominantly 

expressed in epithelial cells (Saotome et al., 2004), whereas the moesin is abundant 

mainly in endothelial cells (Berryman et al., 1993) and radixin in hepatocytes (Amieva 

et al., 1994). The ezrin deficient mice die within 3 weeks due to defects in 

gastrointestinal tract (Saotome et al., 2004). In testis, the ezrin is expressed in late 

spermatids and radixin in maturating Sertoli cells, while moesin has not been detected 

(Wakayama et al., 2009). The knockdown of ezrin in rat testis leads to failed spermatid 

transport and polarization, implying the importance of ezrin during spermiation 

(Gungor-Ordueri et al., 2014). The ezrin has also been detected in human sperm 

together with an increase of its active form during capacitation and interaction with Rho 

dissociation inhibitor, suggesting its role in the regulation of actin polymerization via 

Rho kinase (as mentioned in 2.2.) (Wang et al., 2010). Given the highly 

compartmentalized nature of the sperm plasma membrane and importance of locally 

induced signalling pathways, the presence of ezrin in the sperm cells is not surprising. 

Considering the importance of actin cytoskeleton reorganization, the study of the role of 

ezrin during AR may reveal its other possible roles in the sperm cell. 
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2. 4. Summary 

During its biogenesis, the sperm obtain unique features such as highly 

compartmentalized membrane covering functionally and morphologically distinct 

regions. However, the sperm undergo many changes of both intracellular and membrane 

composition mediated by complex signalling pathways during their maturation, which 

does not end until the sperm fuses with the egg. In order to fertilize the egg, the sperm 

must be able to complete the AR and the relocation of fusion proteins to the head ES, 

the region of initial sperm-egg membrane interaction, must be completed. The essential 

role of actin cytoskeleton during the preparation step of capacitation and onset of AR 

were proven. In addition, the actin cytoskeleton has been shown to be involved in the 

relocation of proteins to ES of the sperm head after the acrosomal exocytosis takes 

place, including CD46. However, the proteins involved in the actin cytoskeleton 

regulation and the mechanism of protein relocation remains unspecified. Ezrin, the 

cross-linker of cortical cytoskeleton participating in actin cytoskeleton reorganization in 

somatic cells, has been detected in mouse spermatids and human sperm cells and its 

roles in spermiation and actin polymerization during capacitation have been proposed.  

 

3. Hypothesis and Aims  
 

3.1. Hypothesis 

The ezrin interacts with CD46 in the sperm head and it is involved in actin-associated 

relocation of CD46 during AR. 

3.1. Aims 

1. To detect ezrin and compare its localization with CD46 in intact sperm 

2. To characterize changes in ezrin localization during sperm AR with respect to CD46  

3. To address the possible complex of ezrin and CD46 in intact sperm 

4. To compare activated ezrin abundance in intact and acrosome-reacted sperm 
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4. Materials and methods 

4.1. Materials 

4.1.1. Animals 

For the experiments, inbred C57BL/6J mice were used as described previously 

(Frolikova et al., 2018).  

4.1.2. Chemicals  

4.1.2.1. Sperm sample preparation 

▫ M2 Medium (M7167, Sigma-Aldrich)  

▫ Paraffin Oil (8904.1, Roth)  

▫ Sodium chloride g.r. - NaCl (Sigma-Aldrich) 

▫ Sodium phosphate monobasic dihydrate -NaH2PO4.2H2O (Lachner) 

▫ Calcium Ionophore (C7522, Sigma-Aldrich) 

▫ Glycerol (Lachner) 

4.1.2.2. Antibodies 

▫ Primary antibodies 

           - monoclonal mouse anti-ezrin: 3C12 (AB4069, Abcam) 

           - polyclonal rabbit anti-P-ezrin (sc-101677, Santa Cruz Biotechnology) 

           - monoclonal rat anti-CD46: MM10 (HM-1118, Hycult Biotech) 

           - mouse monoclonal anti-Alpha Tubulin: DM1A (Sigma-Aldrich) 

▫ Secondary antibodies 

          - Alexa Fluor 488 goat anti-mouse (Life technologies) 

          - Alexa Fluor 568 donkey anti-rat (Life technologies) 

          - peroxidase goat anti-rabbit IgG (Bio-Rad) 

          - peroxidase goat anti-rat IgG (Bio-Rad) 

          - peroxidase goat anti-mouse IgG (Bio-Rad) 

4.1.2.3. Immunofluorescence 

▫ Methanol (Lachner) 

▫ Acetone 99,9% (Lachner) 
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▫ Bovine Serum Albumin - BSA (A7906, Sigma) 

▫ 4',6-diamidin-2-fenylindol - DAPI (0.85 µg/mL, Thermo Scientific) 

▫ Vectashield mounting medium with DAPI (H500, Vector) 

▫ anti-fade N-propyl gallate (Sigma-Aldrich) 

4.1.2.4. Protein extraction 

▫ 0,5 M Tris-HCl, pH 6.8 (Bio-Rad) 

▫ bromophenol blue (Sigma-Aldrich) 

▫ Sodium Dodecyl Sulphate - SDS (Sigma-Aldrich) 

▫ ProteoMiner Protein Enrichment Kit (Bio-Rad) 

4.1.2.5. Immunoblotting, co-immunoprecipitation  

▫ 1,5 M Tris-HCl buffer, pH 8.8 (Bio-Rad) 

▫ Tris(hydroxymethyl)aminomethane - Tris (Serva) 

▫ Glycine (Serva) 

▫ 30% Acrylamide/Bis Solution 37.5:1 (Bio-Rad) 

▫ Ammonium Persulfate - APS (Bio-Rad) 

▫ Tetramethylethylenediamine - TEMED (Bio-Rad) 

▫ Precision Plus Protein™ Dual Color Standards (Bio-Rad) 

▫ Polyvinylidene difluorid - PVDF - membrane (Milipore) 

▫ Ponceau S (Sigma-Aldrich) 

▫ Tween 20 (Bio-Rad) 

▫ Non-fat dry milk (Bio-Rad) 

▫ rabbit immunoglobulins (Sigma-Aldrich)  

▫ mouse immunoglobulins (Sigma-Aldrich)  

▫ Super Signal West Femto (Thermo Scientific) 

▫ Restore
TM 

Western Blot Stripping Buffer (Thermo Scientific) 

▫ 3-[(3-Cholamidopropyl)dimethylammonio]-1-propanesulfonate hydrate - 

CHAPS (Sigma-Aldrich) 

▫ Pierce™ Protein A/G Agarose beads (Thermofisher) 

▫ Pierce™ IP lysis buffer (Thermofisher) 

4.1.3. Equipment 

▫ Vortex (PV-1, P-LAB) 
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▫ Centrifuge (Mini spin plus, Eppendorf) 

▫ CO2 incubator (NB-203LC, N-Biotec) 

▫ Mini Protean 3 Cell (Bio-Rad) 

▫ Power Pac 1000 (Bio-Rad) 

▫ Azure c600 (Azure biosystems) 

 

4.2. Methods 

4.2.1. Intact sperm stock preparation 

Sperm from the distal regions of cauda epididymis were released into a 200μl droplet of 

M2-fertilising medium covered by paraffin oil in a Petri dish and pre-tempered at 37 °C 

in the presence of 5% CO2. After 10 min, released sperm were assessed for motility and 

viability under a light microscope, collected from Petri dish and washed three times in 

phosphate buffered saline PBS (87,7 g NaCl and 27,6 g NaH2PO4.2H2O in 10 l of 

dH2O; pH 7.4) followed by centrifugation at 200 g for 5 min at room temperature. 

4.2.2. Capacitation and acrosome reaction  

As in 4.2.1., the distal regions of cauda epididymis were incubated in pre-tempered M2 

medium covered by paraffin oil for 10 min.  Next, the concentration of stock sperm in 

medium was adjusted to 5 × 10
6
 sperm/ml into 100 µl droplets of pre-tempered M2 

medium under paraffin oil and left to capacitate for 90 min at 37 °C in the presence of 

5% CO2 (Frolikova et al., 2018). The acrosome reaction was then induced by addition 

of calcium ionophore at a final concentration of 5 µM. Sperm were then incubated for 

additional 90 min at 37 °C in the presence of 5% CO2. During the whole experiment, 

the viability and motility of the sperm population was checked under a light 

microscope. 

4.2.3. Immunofluorescence detection of CD46 and ezrin 

Sperm samples were smeared onto glass slides, air-dried and fixed with 1:1 methanol-

acetone for 5 min at -18 °C, followed by washing in PBS. Unspecific binding sites were 

blocked by 5% BSA/PBS for 1 h at room temperature and then samples were incubated 

with both primary antibodies for dual immunofluorescent staining (mouse monoclonal 

IgG anti-ezrin and rat monoclonal IgG anti-CD46), diluted 1:50 in 1% BSA/PBS 

overnight at 4 °C. Samples were washed 6 times in PBS and incubated with both 
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secondary antibodies (Alexa Fluor 488 goat anti-mouse and Alexa Fluor 568 donkey 

anti-rat) diluted 1:300 in 1% BSA/PBS for 1 h at room temperature. After washing with 

PBS and dH2O, the slides were air-dried, mounted into a Vectashield mounting medium 

with DAPI and sealed with nail polish. Images were collected with high-end confocal 

microscope Carl Zeiss LSM 880 NLO at Imaging Methods Core Facility at BIOCEV 

(Vestec, Czech Republic). 

4.2.4. Super-Resolution Microscopy 

Samples of intact sperm for SIM super-resolution microscopy were prepared and 

imaged as previously described (Frolikova et al., 2018). For the detection of CD46 and 

ezrin, the dilution of antibodies described in 4.2.3. was applied. Images were obtained 

by Zeiss Elyra PS.1 inverted microscope with assistance of Mgr. Marie Olšinová, Ph.D. 

at Laboratory of Confocal and Fluorescence Microscopy at Faculty of Science (Charles 

University, Prague, Czech Republic). 

4.2.5. Protein extraction 

4.2.5.1. Sperm  

Mouse intact and acrosome-reacted sperm suspensions were collected, 3 times washed 

in pre-tempered PBS and centrifuged at 200 g for 5 min. Pellets of 5 × 10
7
 sperm cells 

were resuspended in two-times concentrated SDS non-reducing sample buffer (50mM 

Tris-HCl, pH 6.8; 10% glycerol; 2% SDS; 0,0013% bromophenol blue) and incubated 

on ice for 30 min, vortexed for 10 second each 5 min. After incubation on ice, lysates 

were centrifuged at 10000 g for 5 min at 4 °C. 

4.2.5.2. Medium 

After centrifugation of acrosome-reacted sperm cells, commercial capacitation and in 

vitro fertilizing M2 medium (Sigma-Aldrich) was removed from the pellet, incubated 

with acetone in 1:6 ratio overnight at –18 °C and then centrifuged at 13000 g for 10 min 

at 4° C. Supernatant was discarded and protein pellet was resuspended in two-times 

concentrated SDS non-reducing sample buffer. 

To dilute high-abundance proteins in M2 medium, such as albumin, and concurrently 

concentrate low-abundance proteins, ProteoMiner Protein Enrichment Kit was used 

accordingly to Protein Enrichment Large-Capacity Kit Protocol: 1 ml of M2 medium 
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was added to pre-washed column and incubated under rotation for 2 h at room 

temperature. Column was then washed three times with 600 µl of wash buffer for 5 min 

under rotation and one time with 600 µl dH2O under rotation for 1 min. After each 

incubation time, column was briefly centrifuged at 1000 g for 1 min and flow through 

was discarded. Finally, 100 µl of rehydrated elution reagent was added and vortexed 

several times during 15 min incubation, then the sample was collected into a clean tube 

by centrifugation of column at 1000 g for 1 min. The final step was repeated twice. 

Sample was then mixed with two-times concentrated SDS non-reducing sample buffer. 

4.2.6. SDS-Polyacrylamide gel electrophoresis and Immunoblotting  

SDS-electrophoresis and immunoblotting technique were used for P-ezrin detection and 

were carried out using protocols based on standard methods (Laemmli, 1970; Towbin et 

al., 1979). Samples were loaded in a volume of 15 µl per one well and run on a 4% 

stacking (680 µl dH2O, 170 µl 30% acrylamide mix, 130 µl 1 M Tris pH 6.8, 10 µl 10% 

SDS, 10 µl 10% APS, 1 µl TEMED) and 12% running (1,7 ml dH2O, 2 ml 30% 

acrylamide mix, 1,3 ml 1 M Tris pH 8.8, 50 µl 10% SDS, 50 µl 10% APS, 2 µl 

TEMED) 1 mm thick SDS polyacrylamide gel (electrode buffer: 60,6 g Tris, 288 g 

glycine, 20 g SDS, dH2O added to 2 l), preformed in BioRad Mini Protean III Cell. As 

molecular weight markers, Precision Plus Protein™ Dual Color Standards were used in 

volume of 8 µl per well. Voltage of 80 V was applied, after the samples reached the 

separation gel, voltage was increased to 140 V. The electrophoresis was run until the 

samples reached the bottom of the gel and the region of our interest (corresponding to 

area of 100, 75 and 50 kDa markers) was sufficiently separated. After electrophoresis, 

polyacrylamide gel was placed into a transfer buffer 28,8 g of 192 mM glycine, 6 g of 

25 mM Tris, 400 ml of 20% methanol, dH2O added to 2 l) for 5 min and then proteins 

were transferred onto a PVDF membrane. In advance, PVDF membrane was shortly 

washed in methanol, then in dH2O and then incubated in transfer buffer for 15 min. 

Western blotting was performed in BioRad Mini Protean III Cell placed in a container 

filled with ice for 1 h under an electric current of 500 mA. Membrane was then washed 

in dH2O and for control of protein presence, incubated with 0,1% Ponceau staining 

solution for 5 min. After 3 washes in 0.05% Tween in PBS (PBS-Tween), nonspecific 

sites were blocked with 5% solution of non-fat milk in PBS-Tween for 2 h. P-ezrin was 

identified by primary antibodies (polyclonal rabbit anti-p-ezrin) in 1:200 dilution in 1% 

non-fat milk/PBS-Tween (incubation at 4 °C overnight) followed by 6 washes in PBS-



   
 

22 
 

Tween and 1h incubation with anti-rabbit secondary antibody conjugated with 

peroxidase diluted 1:3000 in PBS at room temperature. Membranes were washed 4 

times in PBS-Tween and twice in PBS. Antibody reaction was visualised by 

chemiluminescent substrate Super Signal West Femto on Azure c600 detection system. 

As a negative control, membranes were incubated with rabbit immunoglobulins in the 

same dilution as primary antibody. As a positive control, alpha tubulin was detected: 

after detection of P-ezrin, membranes were incubated in Restore
TM 

Western Blot 

Stripping Buffer for 11 min, washed in PBS-Tween and blocked in 5% solution of non-

fat milk in PBS-Tween for 1 h at room temperature. Membranes were incubated with 

mouse monoclonal anti-Alpha Tubulin antibody in 1:3000 dilution in 1% non-fat 

milk/PBS-Tween overnight at 4 °C. Membranes were then washed as described above, 

incubated with secondary anti-mouse antibody with peroxidase diluted 1:3000 in PBS 

for 1 h at room temperature and washed after as described above. Antibody reaction was 

visualised by chemiluminescent substrate Super Signal West Femto on Azure c600 

detection system. 

4.2.7. Co-Immunoprecipitation  

Sperm cells were prepared as in 4.2.1. and then lysed in CHAPS buffer added in 1:2 

ratio (30 mM Tris-Cl pH 7.4; 150 mM NaCl; 1% CHAPS) on ice for 1 h, vortexed for 

10 seconds each 5 min. Lysates were then centrifuged at 12 000 g for 15 min at 4° C. 

The supernatant was incubated with polyclonal rabbit anti-P-ezrin antibody in 1:10 

dilution overnight under rotation at 4 ° C. For a negative control, lysates were incubated 

with rabbit immunoglobulins in the same dilution overnight under rotation at 4 ° C.  

Next, 100 µl of Pierce™ Protein A/G Agarose beads (Thermofisher) were washed three 

times with Pierce IP buffer and then incubated with sample for 2 h under rotation at 

room temperature. Precipitates bound to beads were washed three times in IP buffer and 

eluted by 100 µl of SDS unstained (with no bromophenol blue) non-reducing sample 

buffer for 5 min at 99° C. Beads were then discarded after centrifugation at 10 000 g for 

15 min at room temperature. The supernatant was incubated with acetone in 1:6 dilution 

for 1 h at - 18° C and then centrifuged at 7 000 g for 10 min at 4 ° C. The pellet was 

mixed with SDS non-reducing sample buffer and used as a sample for immunoblotting, 

which was performed as described in 4.2.7.. CD46 was detected with use of monoclonal 

rat anti-CD46 in 1:200 dilution and secondary anti-rat secondary antibody conjugated 

with peroxidase diluted 1:3000 as described in 4.2.7..  
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4.2.8. Statistical analysis 

4.2.8.1. Colocalization analysis 

In order to perform colocalization analysis, z-stack images of intact sperm were 

deconvolved using Huygens Professional version 18.10 (Scientific Volume Imaging, 

Hilversum, The Netherlands, http://svi.nl) software. The colocalization analysis was 

performed in an open source software Fiji (Schindelin et al., 2012) using Coloc 2 

plugin: In each z-stack, sperm heads were chosen as a region of interest (ROI) in order 

to exclude black background area around the cell with no signal in both channels of our 

interest, where their correlation would be high, but with no actual biological 

significance. The Costes statistical significance test was run with 100 iterations. 

Resulting Pearson correlation coefficients were averaged. The Pearson correlation 

coefficient gives a value between –1 and 1, where –1 is total negative correlation, 0 is 

no correlation and 1 is total positive correlation. Values above 0,5 is interpreted as 

colocalization. 

 4.2.8.2. Densitometry 

In order to compare relative abundance of P-ezrin in samples from intact and acrosome-

reacted sperm cells, images of membranes acquired using Azure c600 were analyzed 

using Fiji software: Bands of P-ezrin signal, tubulin signal and background were chosen 

by single ROI and mean gray values were measured. Next, the pixel densities of all 

measurements were inverted, the background value was then deducted from P-ezrin and 

tubulin inverted values to render net values. The ratios of a net band value over the net 

loading control of its lane were then calculated and compared among the freshly 

released epididymal and acrosome-reacted samples of each individual. Also, all values 

of freshly released epididymal were compared with all values of acrosome-reacted 

samples using t-test using Graphpad prism 5.03. 
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5. Results 

5.1. Comparison of CD46 and ezrin localization in the intact sperm head  

First, we compared a localization of CD46 with ezrin in intact sperm. The ezrin signal 

was detected in acrosomal area (Fig. 4). Using confocal microscopy, ezrin was detected 

in the area of both inner and outer acrosomal membrane, similarly to CD46 signal (Fig. 

5). To visualize the ezrin position with higher resolution, SIM microscopy imaging was 

employed and enabled to discern individual clusters of CD46 and ezrin and within 

acrosomal membrane (Fig. 6).  

 

Figure 4. Detection of CD46 and ezrin in intact sperm. Similarly to CD46 (red), ezrin (green) is 

located in the acrosomal area of intact sperm cells. Nuclei stained with DAPI (blue). Scale bars 

represent 10 μm. 
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Figure 5. Mutual localization of CD46 and ezrin in intact sperm head. Confocal microscopy 

revealed that CD46 (red) shares a mutual localization with ezrin (green) in area of inner and 

outer acrosomal membrane. Nucleus stained with DAPI (blue). Scale bar represents 2 μm. 

To collect images for colocalization analysis of CD46 and ezrin, confocal imaging was 

utilised as a less time-consuming method than SIM microscopy. Z-stacks of eighteen 

intact sperm heads from three different males were acquired for the colocalization 

analysis performed with use of Coloc2 in Fiji software. The averaged Pearson 

correlation coefficient is 0.7556 ± 0.08. This result indicates a high rate of 

colocalization of CD46 and ezrin, suggesting their possible interaction. 
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Figure 6. SIM imaging of mutual CD46 and ezrin position. Higher resolution of SIM microscopy 

enables to discern individual clusters of CD46 (red) and ezrin (green) within acrosomal 

membrane region, confirming ezrin localization in area of inner and outer acrosomal 

membrane. Scale bar represents 1 μm. 

5.2. Changes of ezrin localization during AR with respect to CD46 

After the presence of ezrin in mouse sperm head was confirmed, the localization of 

ezrin in acrosome-reacted sperm was investigated in context of CD46 relocation pattern 

(Fig. 7), which was described by our group previously (Frolikova et al., 2016). CD46 

therefore served herein as a marker of AR progression. Fluorescent signal was evaluated 

in total number of 1200 sperm from three different males, when 600 of intact sperm and 

600 of acrosome-reacted sperm were compared (Fig. 8). In early stages of CD46 

relocation when the integrity of acrosome was disrupted, but CD46 was still detected in 

area of residual acrosome cap (rAC), ezrin shared a mutual position with CD46. 

However, during later stages of AR when CD46 was already relocated in ES, the ezrin 

was not detected (Fig. 7III), suggesting its release with portion of cytoplasm during 

acrosomal exocytosis or possible change of its epitope, no longer recognized by the 

antibody. Therefore, the western blot analysis was performed in order to detect ezrin, 

specifically its active phosphorylated form (P-ezrin), in samples of intact and acrosome-

reacted sperm. The protein samples from M2 medium where the sperm cells underwent 

AR were also analysed in order to test whether the ezrin is released into the medium 

after exocytosis. The signal of phosphorylated P-ezrin was detected in both intact and 

acrosome-reacted sperm, confirming the presence of active form of ezrin in sperm after 

AR. The P-ezrin signal was not detected in the M2 medium sample (Fig. 9). Either way, 

the ezrin changes its localization during AR, but does not share the relocation pattern 

with CD46 during the whole process. 
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Figure 7. Changes in ezrin localization with respect to CD46 during AR. In intact sperm (I.), 

CD46 (red) and ezrin (green) signal share mutual position. In early stages of AR (II.), when the 

integrity of acrosomal membrane is disturbed (arrow), ezrin still localizes with CD46 in the 

acrosome area. However, in later stages of AR, when CD46 is relocated to the equatorial 

segment (asterisk), the ezrin signal is no longer distinguishable. Nuclei stained with DAPI 

(blue). Scale bars represent 2 μm. 

 
Fig 8. Percentage distribution of positive and negative ezrin signal among different stages of 

AR. Presence of ezrin was observed in 1200 sperm cells from 3 different males. Accordingly to 

three defined relocation stages of CD46, acrosome cap (AC), relocated acrosome cap (rAC) and 

equatorial segment (ES) were distinguished. In sperm at early stages of AR, ezrin was detected 

in area of CD46 signal. At the stage when CD46 was detected in ES, ezrin signal was negative. 
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Figure 9. Immunodetection of P-ezrin in intact (IT) sperm, acrosome-reacted (AR) sperm and 

M2 medium after completion of sperm AR. P-ezrin was detected in protein samples from M2 

medium after reduction of high-abundance and concentrating of low-abundance proteins (M2) 

and unaltered M2 medium (M2´). The positive signal in expected molecular weight was 

detected in IT and AR sperm, but not in M2 or M2´ (black arrow). Unspecific signal visible also 

in negative control is depicted by grey arrows. 
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5.3. Immunoprecipitation of P-ezrin and CD46 complex from intact sperm 

Taking into consideration the colocalization of CD46 and ezrin, their possible 

interaction was examined. The co-immunoprecipitation experiments proved interaction 

of P-ezrin and CD46 in intact sperm. In immunoprecipitate of P-ezrin, CD46 signal was 

detected in expected molecular weight (Fig. 10, black arrow). Since the experiments 

were performed under non-reducing conditions, band of non-reduced IgG chain was 

detected in negative control (Fig. 10, grey arrow). 

 

Figure 10. Co-immunoprecipitation of P-ezrin and CD46 molecules from lysate of intact 

sperm. Immunodetection of CD46 in P-ezrin immunoprecipitate. Black arrow – antibody 

reaction, grey arrow – IgG. 
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5.4. Comparison of P-ezrin abundance in intact and acrosome-reacted sperm  

Western blot analysis revealed presence of P-ezrin both in intact and acrosome-reacted 

sperm, implying its activity not only in sperm cells with intact acrosome, but also in 

those undergoing the exocytosis and may not completely leave the cell. Therefore, to 

verify the presence of P-ezrin in sperm after AR, it was in our interest to detect and 

compare the overall abundance of the P-ezrin in protein extracts from intact and 

acrosome-reacted sperm of individual males (Fig. 11A). The intensity of P-ezrin signal 

was related to intensity of tubulin signal and resulting ratios were compared between 

intact and acrosome-reacted (AR) samples of three different male mice (Fig. 11B). In 

general, there was observable decrease of P-ezrin signal intensity within all AR 

samples, however, the relative intensities of P-ezrin in intact sperm of each male were 

highly disperse, so the averaged decrease is not significant (Fig. 11C).  

 

Figure 11. Changes of relative P-ezrin abundance after AR. (A) Relative amount of P-ezrin 

related to tubulin was immunodetected in samples of intact (IT) and acrosome-reacted (AR) 

sperm from 3 different male mice. (B) Intensity values of P-ezrin signal were measured and 

related to intensity signal of tubulin signal. Resulting ratios are represented as relative P-ezrin 

abundance. (C) Averaged values of relative P-ezrin abundance of intact (IT) and acrosome-

reacted (AR) sperm from 3 males. P-value above the level of significance (p≤0.05) indicates 

that measured decrease of intensity is not significant.  
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6. Discussion 

6.1. Comparison of CD46 and ezrin localization in the intact sperm head 

First aim of this thesis was to detect ezrin in intact sperm by immunofluorescence 

experiments and to examine its position in context of CD46 localization. In previous 

studies focused on ezrin in sperm cells, the presence of ezrin in the acrosome area of 

human sperm was demonstrated (Wang et al., 2010). Also, the ezrin was observed in 

late spermatids, but interestingly not in testicular sperm (Gungor-Ordueri et al., 2014). 

Similar findings come from mouse model, where the ezrin presence was spotted in 

elongated spermatids but not in testicular sperm (Wakayama et al., 2009). In contrast, 

we detected ezrin in the acrosomal area of sperm head of intact, freshly released 

epididymal mouse sperm using novel fluorescence staining protocol, including the 

antibody, fixation and blocking reagents. Moreover, we targeted epididymal sperm 

instead of testicular tissue, where the modified protocol followed by high resolution 

signal capturing could be used. Joined localization of CD46 and ezrin in both inner and 

outer acrosomal membrane was confirmed by colocalization analysis of confocal 

images rendering high value of Pearson correlation coefficient. These findings were 

supported by Stuctured Illumination Microscopy (SIM), enabling to capture detailed 

ezrin position in the acrosomal membrane area. To verify the presence of ezrin in sperm 

alongside with detection of its active state providing the interaction of cortical 

cytoskeleton with membrane proteins in intact sperm, the western blot experiments 

using antibody against phosphorylated active form of ezrin (P-ezrin) were performed, 

rendering positive result. Given the higher rate of spontaneous AR in CD46 
-
/
-
 sperm, 

the role of ezrin in maintenance of acrosome integrity could be proposed. In this 

scenario, the acrosomal membrane may be stabilized by the interaction of CD46 and 

actin cytoskeleton, mediated by ezrin. Correspondingly, in freshly released epididymal 

sperm of human, rat, hamster, squirrel (Dvořáková et al., 2005) and mouse (Frolikova et 

al., 2016), actin has been detected in the apical acrosome. The reorganization of actin 

may then affect the acrosomal membrane integrity and this assumption is in agreement 

with observed depolymerization of actin on the onset of AR.  
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6.2. Changes of ezrin localization during AR with respect to CD46 

In general, a protein localization in the sperm head acrosomal region, followed by their 

relocation during AR is of importance, given the radical reorganization of membrane 

structures after the exocytosis. An actin-associated protein ezrin was detected in both 

inner and outer acrosomal membrane, therefore, its role in actin-mediated protein 

relocation has been proposed. Our experiments show that ezrin shares mutual 

localization with CD46 in early stages of AR, but when the CD46 appears in ES, ezrin 

signal is no longer detected. This observation is similar to the comparison of Izumo1 

and CAPZA3 relocation (Sosnik et al., 2010), where CAPZA3 localizes to apical 

acrosome region and relocates into whole sperm head. However, when Izumo1 reaches 

ES, CAPZA3 signal is negative. Similarly to our speculations, authors suggested two 

possible explanations: either the CAPZA3 leaves the cell or anti-CAPZA3 antibody no 

longer recognizes CAPZA3, because its antigenic site is no longer available under 

conditions of late stages of AR. Therefore, the presence of ezrin in acrosome-reacted 

sperm was verified by western blot experiments and immunodetection of P-ezrin in both 

intact and acrosome-reacted sperm. P-ezrin was detected in both types of samples, 

suggesting its presence and crosslinking activity in sperm after the onset of AR. To 

detect the potential release of ezrin during AR, the M2 medium where the acrosome-

reacted sperm were incubated was also examined by western blot. The P-ezrin signal 

was not detected in those samples, however, this finding can be argued by the weakness 

of potential signal or by probable conformational change of ezrin after its release by 

sperm cell. As was shown in the recent study of actin depolymerization on the onset of 

AR, the actin in upper acrosome area between PM and OAM is placed into hybrid 

exocytic vesicles (Romarowski et al., 2018), so ezrin could possibly be present in these 

vesicles together with depolymerized actin, probably in dormant closed conformation 

no longer associated with actin and hence not detected by our western blots. Therefore, 

the detection of ezrin in M2 medium might be successful rather with antibody 

recognizing the epitope of all ezrin conformations, not only the phosphorylated active 

one. For this purpose, it was in our interest to employ anti-ezrin antibody used in our 

immunofluorescence experiments for the western blots. Unfortunately, the signal 

detected by this antibody was in agreement with the signal detected in negative control, 

making the antibody inapplicable in western blot experiments. To analyze the potential 

loss of ezrin during AR, densitometry analysis of anti-ezrin signal related to loading 
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control could be applied, with different antibody against ezrin. Nonetheless, the P-ezrin 

was detected in acrosome-reacted sperm, despite the negative immunofluorescence 

ezrin signal. Thus, the partial leaving of ezrin from sperm may be proposed, specifically 

the portion of ezrin localized in OAM area. In that case, the loss of ezrin 

immunofluorescent signal may be also explained by redistribution of the remaining 

ezrin over the whole sperm head, where the sparse arrangement of ezrin may cause the 

signal weakening on the level undistinguishable from the cell autofluorescence.  

To further investigate the relocation of ezrin during AR, it may be beneficial to employ 

live-imaging of sperm during the onset of AR as in above-mentioned study, together 

with imaging of CD46 and actin. In order to investigate whether the ezrin is contained 

in hybrid vesicles after the exocytosis, it may be useful to perform triple 

immunofluorescent staining of ezrin, CD46 and marker of plasma membrane. Another 

alternative could be simultaneous live imaging of actin and ezrin together with marker 

of plasma membrane during AR. Ideally, the transgenic mice with green fluorescent 

protein (GFP)-labelled ezrin may enable to avoid the failure of antibody recognition of 

altered epitope, which is considered in our case.  

Considering the previously proposed model of myosin-dependent movement of proteins 

along the actin filaments anchored in ES (Sosnik et al., 2010), the dual 

immunofluorescence labelling of CD46 and ezrin of sperm incubated with myosin 

inhibitor may be carried out to testify the involvement of myosin in CD46 relocation 

and the participation of ezrin in this potential relocation mechanism.     
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6.3. Immunoprecipitation of P-ezrin and CD46 complex from intact sperm 

The high Pearson correlation coefficient value of our colocalization analysis implied 

possible interaction of ezrin and CD46. This interaction was confirmed by co-

immunoprecipitation, when the immunoprecipitate of P-ezrin was investigated by 

western blot. By this method, the interaction of CD46 and P-ezrin was detected. As an 

alternative method, proximity ligation assay can be usually used in order to detect 

protein interaction. The principle of this technique resides in targeting of potentially 

interacting proteins with primary antibodies, which then associate with secondary 

antibodies with attached oligonucleotide probes. If the examined proteins are in close 

proximity, their interaction is visualized. Unfortunately, no antibodies against cytosolic 

domain of CD46 were available, ruling out the initially planned confirmation of the co-

immunoprecipitation result by this method. 

The interaction of CD46 and P-ezrin was detected by co-immunoprecipitation, however, 

the mechanism of their interaction can still be a subject of discussion. As far as we 

know, no findings about the direct interaction of CD46 and ezrin have been published 

yet. The co-immunoprecipitation enables to isolate binding partners of an 

immunoprecipitated protein, both direct and indirect. In somatic cells, ERM proteins are 

known to interact with several types of adaptor proteins. Particularly, EWI-2 and EWI-F 

caught our attention, since they were reported to link the ezrin associated with the actin 

cytoskeleton to CD81 (Sala-Valdés et al., 2006). CD81 is member of tetraspanin family, 

present on the egg and together with tetraspanin CD9 plays a crucial role in the sperm-

egg fusion (Rubinstein et al., 2006). Interestingly, the interaction of EWI-F with CD9 

has been detected in mouse egg (Glazar & Evans, 2009). In sperm cells, as shown 

recently by our group (Frolikova et al., 2018), the CD9 localizes in both inner and outer 

acrosomal membrane and CD81 is present in PM of acrosome cap region in mouse 

sperm. Therefore, given its localization in mouse sperm, ezrin may interact also with 

CD9. Hence, the detection of EWI-F in sperm may bring interesting new insights into 

the potential indirect association of tetraspanins and CD46 with actin mediated by ezrin. 

If the presence of EWI proteins was confirmed, the co-immunoprecipitation 

experiments of EWI proteins and CD46 could support this candidate protein for the 

adaptor of CD46 with ezrin interaction. Also, the co-immunoprecipitation of CD9 with 

ezrin and CD9 with EWI proteins may lead to intriguing results. 
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Considering CD46 and ezrin connection, an interesting finding has been made in 

epithelial cells infected by Neisseria, where the infection lead to phosphorylation of 

cytosolic domain of CD46 by Src kinase c-Yes, resulting in cytoskeletal rearrangement 

prior to adhesion of Neisseria (Lee et al., 2002), promoted by CD46 activation. The 

interaction of Src kinases with cytoskeleton can be mediated by ezrin (Heiska & Carpé, 

2004), so ezrin may possibly be involved in potential CD46-dependent signalling in 

sperm by recruitment of CD46-regulating kinases. 

As future plan, the co-immunoprecipitation experiments of P-ezrin and CD46 in 

acrosome-reacted sperm could prove the interaction of CD46 with ezrin after the onset 

of AR. Given the demanding volume of input lysate in the successful co-

immunoprecipitation experiment, the isolation of sufficient volume of lysate of 

acrosome-reacted sperm turned up to be technically problematic, therefore, this 

experiment is not covered in this thesis. Alternatively, to study the direct interaction 

partners of ezrin, mass spectrometry or microscale thermophoresis could be employed. 

 

6.4. Comparison of P-ezrin abundance in intact and acrosome-reacted sperm  

The P-ezrin was detected in both intact and acrosome-reacted sperm protein samples. 

However, these samples were prepared from different male mice, so to confirm the 

ezrin presence and activity after AR takes place in context of individual animals, we 

decided to compare the abundance of P-ezrin in intact and acrosome-reacted sperm of 

three different male mice. By this experiment, we intended to detect potential decrease 

or increase in ezrin activity, however, it is important to consider that the decrease of 

relative P-ezrin abundance can be caused by potential loss of overall ezrin during the 

exocytosis, which was discussed in 6.2. together with potential experiments examining 

the ezrin release. Therefore, the main objective of this experiment was to verify the 

persisting activity of ezrin after AR. The P-ezrin was detected in samples from 

acrosome-reacted sperm from all three males in a lower relative abundance than in 

intact sperm protein samples, however, the relative abundance of P-ezrin in intact sperm 

considerably varied among three males, with the highest value in male 1 and lowest 

value in male 3. The relative P-ezrin abundance in acrosome-reacted sperm did not 

show such substantial differences. This unexpected finding may be explained by the 

experimental procedure, when the male mice were killed one by one (first male being 
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dissected while second being killed), so the sperm of male 1 were incubated in M2 

medium for slightly longer time than in case of male 2. The released sperm cells were 

then washed from M2 medium simultaneously, so this may cause variations of 

incubation time of sperm in order of tens of seconds. Since the ezrin interacts with 

CFTR protein in testicular sperm, its potential interaction with CFTR in epididymal 

sperm may explain its activation immediately after sperm enter M2 medium, which 

mimics the female environment, promptly stimulating the alkalization of sperm cells 

(see 2.2.2.). Smaller variances in relative P-ezrin abundance in acrosome-reacted sperm 

cells may be given by the longer incubation periods in M2 (90 minutes before and 90 

minutes after AR induction) and possibly by better timing of distribution of sperm cells 

into droplets of M2 medium. In order to verify this presumption of experimental flaw 

causing the variance in P-ezrin abundance, the experiment will be repeated with the 

emphasis on precise timing of incubation of cauda epididymis in M2 medium. 

The decrease of P-ezrin activity was observed in all three males, however, no 

conclusion can be made yet, regarding the changes of ezrin activity in sperm cells. The 

result of this experiment may serve as a preliminary finding, however, to statistically 

analyze the decrease of relative P-ezrin abundance, many repetitions of this experiment 

would need to be done in order to obtain sufficiently robust dataset. Unfortunately, the 

preparation of sufficient amount of protein samples from both freshly released 

epididymal and acrosome-reacted sperm cells from one male mouse turned out to be 

technically problematic, so although we will continue with these experiments, we 

decided not to cover their complete set in this thesis. To conclude, we detected the 

partial maintenance of ezrin activity in sperm after the AR and we plan to optimize this 

experiment in order to analyze the decrease of ezrin activity in acrosome-reacted sperm.  

In our immunoblot experiments, the P-ezrin was detected in expected molecular weight. 

However, two adjacent bands were observed. This could be caused by the detection of 

distinct isoforms of phosphorylated ezrin, which were identified previously in mouse 

embryo (Louvet et al., 1996). 

Our results brought new information about the ezrin presence in mouse sperm, the 

subcellular localization of ezrin, the changes of its localization during AR, the 

interaction of CD46 with ezrin and the appearance of its active conformation in both 

intact and acrosome-reacted sperm. Next, the functional study of ezrin in mouse sperm 
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could follow. Unfortunately, in our case, the knockout experiments are not applicable. 

As mentioned previously, the ezrin knockout in mice leads to postnatal death within 3 

weeks and ezrin knock-down in testis disrupts the spermiogenesis. Also, the approaches 

of molecular biology such as gene silencing or overexpression would not be efficient, 

due to restricted proteosynthesis in sperm cells. Therefore, the employment of ezrin 

inhibitors may be suitable to examine the ezrin function in sperm. Given the positive 

results covered in this thesis, our future plan is to perform the inhibition experiments, 

where the ezrin inhibitor will be added into M2 medium with sperm at the beginning of 

the capacitation and after the induction of AR. Subsequently, the dual 

immunofluorescent labelling of CD46 and ezrin will be used to examine the potential 

changes in CD46 relocation during AR. Nevertheless, the inhibitor experiments could 

be broaden to examination of other processes, such as hyperactivation or PM 

hyperpolarization. The association of ezrin with other membrane proteins can be 

considered based on our finding that ezrin does not seem to share the relocation pattern 

with CD46 during the later stages of AR.  

There are also another possible functions of ezrin in sperm apart the mediation of CD46 

interaction with actin. Owing to its specific localization in the acrosomal membrane 

area, ezrin can be considered to occupy several potential functions during the process of 

acrosomal exocytosis. For example, ezrin was shown to be abundant in curved 

membrane areas and its role in membrane tethering was proposed (Tsai et al., 2018), so 

in our model, ezrin may participate on swelling of acrosomal membrane and membrane 

docking during AR. Alternatively, ezrin may play a role in later stages of exocytosis 

during vesiculation. Recently, it has been published that ezrin interacts with aquaporin-2 

(AQP2) in epithelial cells and the knock-down of ezrin resulted in increased membrane 

accumulation and endocytosis of AQP2. These findings suggest that ezrin links the actin 

cytoskeleton with trafficking of AQP2 and is required for mediation of AQP2 

endocytosis (Li et al., 2017). Thus, in sperm, a role of ezrin in recruitment of hybrid 

vesicles content can be envisaged.  

Since the PM and OAM are separated by a distance of approximately 18 nm (Zanetti & 

Mayorga, 2009), it is uncertain whether the ezrin could also mediate the connection 

between actin and membrane proteins of PM in sperm. In order to propose a role of 

ezrin in signal transduction pathways mediating the extracellular signals in our model, 

the position of ezrin within this area would need to be examined in closer detail, ideally 
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using super-resolution techniques of highest possible resolution, such as stochastic 

optical reconstruction microscopy (STORM). If the ezrin presence in cortical 

cytoskeleton underlying PM was confirmed, it would be tempting to hypothesize the 

other functions of ezrin in sperm. For example, the interaction of ezrin with CFTR was 

detected in elongated spermatids in mouse testis (Wakayama et al., 2009). Based on this 

finding, the role of ezrin in reduction of cytoplasmic volume during spermiation has 

been proposed, given the interaction of CFTR with aquaporin-7 (AQP7) in spermatids. 

As mentioned in 2.2.2., CFTR plays role in the regulation of membrane polarization 

during sperm capacitation. Thus, taking into consideration its presence in mature sperm, 

ezrin may also participate on the sperm alkalization by potential interaction with CFTR 

after sperm enter female reproduction tract. Interestingly, in epithelial cells, ezrin was 

suggested to mediate the association of CFTR and PKA, possibly facilitating the 

recruitment of PKA into specific sites of PM (Sun et al., 2000). Therefore, confirmation 

of ezrin interaction with CFTR may imply its role during capacitation, when PKA 

phosphorylates CFTR. After all, the role of ezrin in human sperm capacitation has been 

already proposed (Wang et al., 2010). In this work, the interaction of ezrin and Rho 

dissociation inhibitor (RhoGDI) was confirmed, possibly allowing the activation of Rho 

kinase, leading to induction of actin polymerization during capacitation (see 2.2.2.). 

Accordingly to these findings and to our detection of ezrin in mouse sperm, the co-

immunoprecipitation of ezrin and RhoGDI or CFTR in mouse sperm could be 

performed to potentially support the notion of ezrin involvement in capacitation. 
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7. Conclusion 
 

Ezrin has been detected in mature mouse sperm and its mutual localization with CD46 

has been revealed by immunostaining. During early stages of AR, CD46 shares 

localization with ezrin. When CD46 reaches ES, ezrin fluorescent signal is negative, 

which can be explained by inability of antibody to recognize the epitope altered during 

AR. This assumption was supported by the results from western blot experiments, 

where the phosphorylated active form of ezrin, P-ezrin, was detected in both intact and 

acrosome-reacted sperm, suggesting the ezrin-mediated connection of cortical 

cytoskeleton and membrane proteins in sperm. The high value of Pearson correlation 

coefficient in the colocalization analysis implied possible interaction of CD46 and ezrin, 

later detected by co-immunoprecipitation, suggesting the ezrin involvement in actin-

associated relocation of CD46. The preliminary results shown a decrease of activated 

ezrin abundance in acrosome-reacted sperm in comparison with intact sperm, however, 

these results need to be confirmed by additional experiments. 

To conclude, this thesis brought first results of positive ezrin detection in mouse sperm 

and its interaction with CD46. These results imply the ezrin involvement in relocation 

of CD46 and may serve as a foundation for functional studies of ezrin in sperm during 

capacitation and AR.  
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