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Introduction 

     Fertilization is an event that involves highly dynamic 
intra- and intercellular processes which enable the 
merger of two gametes with the aim to ultimately form a 
new organism. Preparative changes are required in both 
gametes prior to fertilization since freshly ejaculated 
spermatozoa and germinal vesicle (GV) stage arrested 
oocytes are not capable to form a zygote [1,2]. Constant 
remodelling on the sperm membrane surface during 
epididymal maturation and oviductal transition allow 
spermatozoa to become functional mature, and only 
functionally matured sperm can achieve successful 
fertilization [3-6]. Before spermatozoon meets the oocyte, 
an extensive and continuous reorganization called 
capacitation enables morphologically mature sperm cells 
to acquire the ability to fertilize the oocyte, this 
reorganization of proteins and lipids in the sperm plasma 
membrane (PM) results in the assemblage of functional 
membrane protein complexes and the aggregation of 
membrane microdomains (membrane rafts) [7-10]; the 
subsequent activation of signalling pathways are also 
critical for the spermatozoa to undergo a sperm-specific 
type of exocytosis (the acrosome reaction), this calcium-
dependent multipoint fusion of the PM and the outer 
acrosome membrane (OAM) at an extended area of the 
sperm head surface occurs once in the life span of a sperm 
cell and the subsequent release of acrosomal enzymes is 

thought to be essential for sperm penetration of the 
oocyte’s zona pellucida (ZP) [2,11]. Aberration of any of 
these processes will lead to the failure of fertilization. To 
ensure spermatozoa capacitate and undergo acrosome 
reaction at the right time and right place (normally at the 
ampulla region of the oviduct), it is essential to 
understand the regulation of sperm activation upon their 
residence in the reproductive tracts. 
 
     Sperm activation generally requires (1) the removal of 
de-capacitation factors that cover the sperm head 
membrane surface, (2) increase of sperm membrane 
fluidity via the removal of albumin on the sperm 
membrane surface, and (3) alkalization of luminal fluid 
(increase in bicarbonate concentration). To 
prevent/minimize unwanted capacitation and 
spontaneous acrosome reaction, interactions between 
sperm cells with the epithelium of the reproductive tract 
is therefore crucial to keep spermatozoa in a quiescent 
state. It has known that epididymal epithelium bestow 
proteins and molecules onto sperm membrane surface via 
epididymosomes (ranging from 90-300nm) [12]. 
Although mechanisms of epididymal epithelium to sperm 
protein transfer is not fully understood, it is generally 
believed that this sperm-epithelium interaction 
modulates the activities of specific ion channels (e.g. via 
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V-ATPase or Ca2+-ATPase) or to mask sperm membrane 
receptors that further stabilize sperm membrane 
structure and inactivate sperm activities [13-15].  
 
     Besides the addition of de-capacitation factors from the 
epididymis and seminal vesicles, fine adjustment of 
luminal pH is equally important to regulate sperm 
activities [16,17]. Epididymis consists of 4 major cell 
types, narrow cells (at the initial segment), clear cells 
(present at the caput to cauda), principal cells and basal 
cells (present throughout the epididymis) [18]. Both 
narrow cells and clear cells are known to have V-ATPase 
that is responsible for maintaining acidic luminal 
microenvironment, this acidified epididymal lumen is 
characterized with low amount of bicarbonate (<5mM). 
Interestingly, upon sperm entering the female 
reproductive tract, a shift in bicarbonate concentration 
(>15mM) initiates sperm specific signaling pathway that 
involves in the increase of sperm-specific soluble adenylyl 
cyclase (sAC), cyclic AMP, protein kinase A, tyrosine 
kinases [19]. Changes mentioned about results in the 
increase in glycolysis, hyper activated motility as well as 
sperm-zona binding affinity.  
 
     It is known that spermatozoa reside for days to weeks 
in the caput and corpus region of the epididymis before 
their “storage site” at the cauda epididymis, therefore is it 
not surprise that if epididymis would function as an 
additional check point for sperm quality control [20]. 
While most of the attentions focus on molecules that 
activate or deactivate sperm activities during sperm 
transition in the epididymis, much less attention is paid 
on whether epididymis or seminal vesicle/fluid-origin 
proteins, besides facilitate sperm maturation, also 
participates in sperm selection process that pre-screen 
fertilization potential or membrane integral of residing 
spermatozoa. Systemic investigation may further shed 
light on this yet to be identified functional relevance of 
epididymis on sperm physiology. 
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