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Introduction

Mammalian fertilization occurs in ampulla of oviduct (fallopian
tube), but sperm are released in vagina in most species. So, sperm
has to move to ampulla from vagina for the purpose of fertilization.
Before ampulla, there is a region called isthmus in oviduct where
sperm reside transiently. By binding sperm, isthmus increases their
life span as well as chance of successful fertilization by releasing
them at specific time intervals. During this journey from vagina to
isthmus, sperm has to overcome the adverse effects of acidic pH and
immunological responses in reproductive tract and has to undergo a
set of physiological and biochemical changes, collectively termed as
capacitation. Only capacitised sperm can move to ampulla and
capable of fertilizing ovum.





Capacitation
During capacitation, following changes are happened in sperm:

1. Removal of cholesterols from SPM by albumin and HDLs in female reproductive
tract. As a result, lipid rafts/micro-domains are aggregated over anterior sperm
head. These micro-domains contain many receptor proteins that can bind to ZP and
may induce signal transduction.

2. Removal of coat proteins which make SPM fusogenic. This is essential both for
acrosomal reaction and sperm-egg membranes fusion.

3. Bicarbonate ions (HCO3-) may enter via SPM Na+/HCO3- co-transporter and
increase pHi.These anions also activates soluble adenylyl cyclase (sAC), which
converts ATP into cAMP. The increased cAMP-level activates PKA that inturn
activates PTK and inhibits PTP. PTK then phosphorylates substrate proteins like heat-
shock proteins/chaperons, which migrate to surface of sperm head and form
receptors that binds to ZP.

4. Hyperpolarization of SPM by the release of K+ through K+-channels that sense
alkanization of sperm cytosol (increase in pHi).This hyperpolarization inturn activate
voltage-sensitive Ca2+ channels and induce influx of Ca2+ into sperm.

5. Albumins may also directly activates Ca2+ channels in SPM, thus increasing
intracellular Ca2+ level.

6. The outer acrosomal membrane changes and comes into contact with SPM in a way
that prepares it for fusion.





Hyperactivation of sperm

After capacitation, sperm becomes hyperactive which is
characterized by increased amplitude of flagellar bend,
usually only one side of the flagellum and vigorous
motility. This produces highly asymmetrical beat pattern
of the flagellum. Hyperactivation is often associated with
phosphorylation of tyrosine residues by PTK, opening of
Ca2+ channels (CatSper) in sperm tail. Hyperactivation is
essential for a sperm to penetrate mucus secretion in
oviduct and intercellular matrix in cumulus oophorus as
well as to penetrate ZP after acrosomal reaction.





Translocation of sperm from isthmus to ampulla

The hyperactivated sperm detach themselves from isthmus and
make their journey to ampulla by sensing thermal gradient
(thermotaxis) and chemical gradient (chemotaxis). They move
by sensing 2 temperature difference from cooler isthmus to
warmer ampullary region. Once in ampullary region,
chemotactic factors (progesterone in rabbit) released by oocyte
may guide sperm closer to the oocyte. In humans, egg secretes
a chemotactic factor (like certain invertebrates) only when it is
capable of being fertilized. Only capacitated sperm can sense
this thermal and chemical gradients.

After contact with oocyte, hyaluronidase enzyme
on outside SPM digest cumulus oophorus by cleaving (beta1,3)
and (beta1,4) glycosidic bonds of hyaluronic acids that hold
cumulus cells together.



Contact of sperm with egg zonapellucida

1. A sperm surface protein binds relatively weakly to
peripheral ZP coating protein (250kDa).

2. Then lateral sperm adhesion protein (SED1), which
present in a descrete domain of SPM (directly
overlying acrosome) binds relatively strongly to ZP
complex.

3. At last, sperm galactosyltransferase (GalT) binds
strongly with N-acetylglucosamine sugar residues on
ZP3. ZP3 is the major sperm binding glycoprotein in
mouse ZP. The sugar residues on ZP3 are critical for
sperm attachment. Without this sugar, sperm will not
bind to ZP3.





Acrosomal reaction

ZP3 is responsible for initiation of acrosomal reaction………….

1. ZP3 depolarizes SPM which inturn activates low voltage-
activated T-type calcium channels, resulting in a transient Ca2+
influx.

2. This glycoprotein causes crosslinking of GalTs on sperm surface
that inturn activate specific G-protein (pertussis toxin sensitive)
in SPM. The activated G-protein then activates PLC and
stimulates IP3-mediated calcium release fron intracellular
stores.

3. ZP3 also stimulates transient alkalization of intacellular pH.
4. Later store-operated Ca2+ channels (pertussis toxin insensitive)

in SPM open which lead to further calcium influx.
5. All of these events result in sustained increase of calcium level

that drives acrosomal exocytosis.







Continued……………

I. A number of SNARE proteins and Rab3A GTPase are also
present in mammalian sperm that are probably involved
in fusion of OAM with SPM.

II. Progesterone in mouse and human acts as a stimulator of
ZP-mediated acrosomal reaction.

III. The exocytosis of acrosome releases a variety of proteases
including proteosomes that lyse ZP and create a hole
through which sperm can travel toward egg.



Attachment of sperm with egg after acrosomal reaction

During acrosomal reaction, the anterior portion of SPM along with
GalTs (ZP3 binding elements) is shed. So, a number of adhesion
systems come into play for the attachment of sperm with
ovum……….
I. Zonadhesin protein from acrosome may fix sperm to the point

of attachment in ZP.
II. Certain proteins from IAM of acrosome reacted sperm bind

specifically to ZP2. In guinea pigs, this binding is mediated by
PH-20.

III. In some species, acrosin from IAM binds to sulfated
carbohydrate groups on ZP glycoproteins.

IV. Additionally, ADAM2 (fertilin beta) and ADAM3 (cyritestin) of
sperm also bind with ZP.



Fusion of sperm and egg cell membranes

After acrosomal reaction, inner acrosomal membrane
(IAM) becomes exposed and it fuse with egg cell
membrane. The region between IAM and SPM is called
equatorial region and this is where membrane fusion
between SPM and EPM begins. The Izumo1 on SPM and
CD9 on EPM are responsible for membrane fusion.
However, whether or not these two proteins interact
with each other is yet to be explored.

During this fusion process, egg microvilli are
elongated by polymerization of G-actins into F-actins as
in sea urchin.





Stages of mammalian fertilization



Prevention of polyspermy

In mammals, an electrical “fast” block to polyspermy has not been detected.
Perhaps, it is not essential as limited number of sperm can reach the ovulated
egg. However, a slow/chemical/structural block to polyspermy is present.
When sperm fuse with egg, a soluble factor (PLC zeta) enter egg cytosol that
cleaves PIP2 into IP3 and DAG, resulting in increased intracellular calcium level
by opening of IP3-gated calcium channels in ERs. This elevated calcium level
then stimulates exocytosis of cortical granules to releases various enzymes
that modify ZP receptor proteins in such a way that a second sperm can no
longer bind to ZP………….
a) N-acetylglucosaminidase enzyme cleaves N-acetylglucosamine sugar

residues on ZP3. Thus, ZP3 can not recognize and bind to any other
sperm.

b) Ovastacin (metalloendoprotease) cleaves ZP2 molecules. So, ZP2 loses its
affinity to sperm. This modification of ZP by cortical granule proteases is
called zona reaction which results in prevension of polyspermy.



Decondensation of sperm chromatin

After sperm DNA enter egg cytoplasm, it undergoes
decondensation (subsequently replication) by cytosolic
glutathione that cleaves disulfide bonds between protamines.
Protamines are arginine-rich highly basic proteins that replaces
histones in mammalian sperm DNA and are responsible for
more condensed and compact DNA.

Now DNA polymerase can bind on DNA strands and

initiates replication.



Activation of egg

i. When the level of calcium increase, it binds with calmodulin (CaM)
and this Ca2+ - CaM complex activates CaMKII that inturn
phosphorylates and inactivates Emi2 (an inhibitor of APC). As a result,
APC becomes active and stimulates ubiquitinated proteosomal
degradation of CyclinB as well as securin. CaMKII also phosphorylates
and activates Wee1b (PTK that phosphorylates on Y15 and
deactivates CDK1). These events lead to metaphase to anaphase
transition.

ii. Calcium also inactivates MAPK, a component of cytostatic factor (c-
Mos, MAPK & p90RSK) that block APC, thus stimulating entry into
anaphase. CSF blocks APC probably through Emi2.

iii. Calcium along with CaMKII interact with other kinases like
MYLK2,MARCKS,PKC alpha which stimulate emission of second polar
body from ovum.

iv. Calcium also stimulates recruitment of maternal mRNA to polysomes,
pronucleus formation and further developmental processes.





Fusion of sperm and egg pronucleus

Mammalian sperm enter egg cytoplasm with its nucleus,
centriole and mitochondria. Sperm mitochondria are degraded
in egg cytosol. The centriole divides in ooplasm and forms
aster, whose microtubules join two pronucleus and enable
them to migrate toward one another. Upon meeting, nuclear
envelopes of both breakdown. However, instead of producing a
common zygotic nucleus (as in sea urchin) , chromatins of
them condense and orient on common mitotic spindle of 1st

cleavage division. Thus, a true diploid nucleus in mammals not
seen in zygote but at 2-cell stage. In mammals, DNA replication
takes place as the pronuclei are traveling toward each other.


