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Abstract

Spermatozoa entering the epididymis have no capacity for protein synthesis, are incapable of forward motility, and have no 
fertilizing ability. During post-testicular maturation in the epididymis, the sperm surface undergoes extensive remodeling, and 
this physiological process plays a critical role in the development of the fertilization-competent spermatozoon. 

Previously, we identified farnesyltransferase (FTase), an enzyme which functions in post-translational protein lipidation in 
hamster epididymal spermatozoa. In addition, we have identified the signaling protein RAS, a FTase substrate, in a plasma 
membrane (PM) fraction. Immunoblot analysis of sperm plasma membrane fractions demonstrated the presence of PI3-
Kinase, a downstream target of RAS. Coimmunoprecipitation (Co-IP) analysis demonstrated the interaction of PI3-Kinase 
with RAS. Does the protein lipidation play a significant role in the development of the fertilization-competent spermatozoon? 
The objectives of the present study included the biochemical localization of FTase and the identification and characterization 
of RAS upstream and downstream effectors in hamster spermatozoa. First, we examined if FTase is localized to soluble or 
particulate fractions of caput and cauda epididymal spermatozoa. Immunoblot analysis revealed that FTase is localized to the 
soluble fraction of both caput and cauda epididymal spermatozoa. Subsequent studies were performed to identify potential 
upstream and downstream effectors of RAS. Immunoblot analysis of sperm PM fractions demonstrated the presence of the 
upstream effector (GRB2) and the downstream effectors (RAF-Kinase). Immunofluorescence with anti-RAF-Kinase polyclonal 
antibody localized RAF- Kinase to the sperm connecting piece and flagellum. Coimmunoprecipitation analysis revealed the 
interaction of RAF-Kinase with RAS. The fate of RAS and its downstream effectors (PI3-Kinase and RAF-Kinase) was examined 
during capacitation of hamster cauda epididymal spermatozoa. RAS and its downstream effectors (PI3-Kinase and RAF-
Kinase) remain anchored to the sperm pellet after the completion of capacitation. The interaction of RAS with RAF-Kinase 
suggests that RAS may regulate several signaling pathways in spermatozoa.
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Introduction

The functionally mature spermatozoon is the product 
of two developmental processes: spermiogenesis in the 
testis and post-testicular maturation in the epididymis 
[1,2]. Spermatozoa entering the epididymis have little, or 

no, capacity for protein synthesis, and they are incapable of 
forward motility or of fertilizing an egg [1,3]. During post-
testicular maturation in the epididymis, the sperm surface 
undergoes extensive remodeling that includes the binding of 
epididymal secretory proteins to restricted surface domains 
and the redistribution of pre-existing proteins, usually 
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accompanied by proteolytic processing, to a final residence 
domain [4-7]. This membrane reorganization appears 
crucial to the development of functional capacity of sperm. 
How most of these changes result in a mature, functional 
spermatozoon is poorly understood.

One mechanism, which functions in targeting proteins 
to specific cellular membranes in somatic cells, is post-
translational lipidation [8]. Prenylation represents one 
class of enzyme-catalyzed lipidation in which a 15-carbon 
containing farnesyl or a 20-carbon containing geranylgeranyl 
residue is covalently added to protein substrates with a 
C-terminus “CAAX” motif [9-11]. The enzymes, which catalyze 
prenylation, farnesyltransferase (FTase) and geranylgeranyl 
transferase type I, each recognize distinct protein substrates 
based on the amino acid sequence of the CAAX motif 
[10,12,13]. Substrates of FTase include nuclear lamins, a 
peroxisome membrane protein, and RAS, a mediator of 
several signal transduction pathways [9-11,14]. RAS plays a 
significant role in cell fate. Prenylated, membrane-bound RAS 
requires activation before it exerts a downstream signaling 
function, and in somatic cells, its activation is coupled to 
cell surface receptors tyrosine kinases or heterotrimeric 
G-protein coupled receptors [14-16]. Membrane-bound 
RAS functions as binary switches that cycles between an 
inactive GDP-bound and an active GTP-bound states. The 
activated state of RAS is promoted by guanine nucleotide 
exchange factors, which stimulate GTP loading, and also 
by GTPase activating proteins that increase GTP hydrolysis 
and conversion to a GDP bound state [12,16-21]. GTP-RAS 
binds specific effector proteins resulting in their activation 
and function in signaling pathways. Effectors activated by 
GTP-RAS include: the serine/threonine kinase RAF-Kinase, 
Protein Kinase C, and phosphatidylinositol 3-kinase (PI3-
Kinase) [16,18,21-25]. Thus, it is well established that RAS 
activates a hierarchical cascade of intersecting pathways 
which modulate several biological functions.

We have shown the presence of RAS in a plasma 
membrane (PM) fraction from hamster cauda epididymal 
spermatozoa [26]. RAS is localized to the sperm flagellum 
using a Pan-RAS antibody [26]. Immunoblot analysis of sperm 
PM fractions demonstrated the presence of PI3-Kinase, the 
downstream target of RAS, and coimmunoprecipitation 
analysis demonstrated the interaction of PI3-Kinase with 
RAS [26]. Further studies demonstrated that inhibitors of 
PI3-Kinase inhibited the hyperactivation of sperm motility 
during capacitation, suggesting that PI3-Kinase is associated 
with development of this motility pattern [26]. Previously, 
we have demonstrated the presence of farnesyltransferase 
(FTase) in the cytoplasmic droplet of epididymal 
spermatozoa [27]. In addition, our identification of RAS in a 
PM fraction of cauda epididymal spermatozoa [26] suggests 
that FTase may function in the assembly of domain-specific 

signaling pathways. While these data suggest that RAS may 
participate in signaling pathways of mature spermatozoa, 
the RAS effectors in spermatozoa have not yet been identified 
extensively, and the role of RAS signaling pathways in 
mammalian sperm functions are limited. The present study 
was focused to determine if FTase is cytosolic or bound to 
specific polypeptides in the particulate fraction of epididymal 
spermatozoa and to identify and characterize the activators 
and effectors of RAS in hamster spermatozoa.

Materials and Methods

Antibodies

Mouse monoclonal antibodies including Pan-RAS 
and anti-PI3-Kinase p85 alpha antibody, were purchased 
from ThermoFisher Scientific and ABCAM, respectively. 
Rabbit polyclonal antibodies of GRB2 and FTase β and 
phosphotyrosine monoclonal antibody (pY20) were obtained 
from ThermoFisher Scientific. Rabbit polyclonal antibody 
of RAF-Kinase from Sigma-Aldrich was used. Horseradish 
peroxidase-conjugated, affinity-purified, goat anti-mouse 
IgG, and goat anti-rabbit IgG secondary antibodies were 
obtained from KPL Inc., Gaithersburg, MD. All other chemicals 
were from Sigma Chemical Company.

Animals

Mature male golden hamsters were housed in the 
Benedict College (Columbia, SC). Animal Care Facility on 
a 14L: 10D cycle and given free access to food and water. 
Care and use of animals conformed to NIH guidelines for 
humane animal care and use in research, and all protocols 
were approved by the institutional Animal Care, and Use 
Committee and the University veterinarians who supervised 
animal care. Animals were sacrificed by CO2 asphyxiation, 
and tissues were immediately removed for the protocols 
described below. 

Sperm Preparation

The caput and cauda epididymes were dissected 
and minced in calcium-free Tyrode solution at 37°C. The 
sperm suspension was centrifuged at 100 × g for 1 min to 
sediment tissue fragments, and the supernatant fluid was re-
centrifuged at 1,500 × g for 10 min at 4°C. Sperm pellets were 
used in the extraction and fractionation protocols described 
below.

Isolation of Plasma membrane from Cauda 
Epididymal Spermatozoa

Spermatozoa were suspended in TNI (150 mM NaCl, 
25 mM Tris-HCl, (pH 7.5), 2 mM benzamidine, 1 µg/mL 

https://medwinpublishers.com/IJBP/


International Journal of Biochemistry & Physiology
3

Subir K Nagdas, et al. RAS Protein and its Regulators in Hamster Sperm Function. Int J Biochem 
Physiol 2020, 5(3): 000186.

Copyright© Subir K Nagdas, et al.

leupeptin, 1 µg/mL pepstatin, and 0.05% sodium azide), 
disrupted by nitrogen cavitation at 400 psi for 10 min, and 
pelleted by centrifugation at 1500 X g for 10 min at 4°C. 
Aliquots of the supernatant fluid (8 ml) containing plasma 
membrane vesicles were layered on discontinuous sucrose 
gradients composed of 2 ml 20% sucrose and 2 ml 50% 
sucrose; all sucrose solutions contained 150 mM NaCl and 
25 mM Tris-HCl, (pH 7.5). The gradients were centrifuged at 
25,000 rpm for 1 hr in an SW40 rotor (Beckman). The plasma 
membranes at the 20%-50% interface were collected, diluted 
with TNI, and pelleted by centrifugation at 100,000 X g for 30 
min in a TL55 rotor (Beckman) [26]. Protein was estimated 
by the method of Bradford [28].

Preparation of Cell Fraction for Western Blot 
Analysis

To prepare soluble and particulate fractions, caput and 
cauda epididymal spermatozoa were suspended in TNI and 
sonicated for four 10-sec intervals with a Branson sonifier 
at a medium power setting. The sonicated suspensions 
were centrifuged at 100,000 X g for 30 min in a TL55 rotor 
(Beckman).

A detergent-soluble fraction of spermatozoa was 
prepared by extraction with 0.1% Triton X-100 in TNI for 1 
hr at 4°C, followed by centrifugation at 12,000 X g for 10 min.

Gel Electrophoresis and Western Blotting

Polypeptides were separated by SDS-PAGE [29] on a 
12% separation gel prepared with a 30:0.8 acrylamide: 
bisacrylamide ratio. Polypeptides were stained with 
Coomassie Blue [30]. Western blots were prepared on 
polyvinylidene difluoride membranes for immunoblot 
analysis [31].

Immunoblots were blocked with TBS (0.15 M NaCl, 20 
mM Tris-HCl Buffer, pH 7.5) containing 0.1% Tween 20, 
and 1% BSA for 1 hr and then were incubated with primary 
antibodies or nonimmune IgG diluted in TBS containing 
0.1% Tween 20 (TBS-TW) and 1% BSA for one hr. After 
three washes in TBS-TW, the blots were incubated in an 
affinity-purified, peroxidase-conjugated secondary antibody 
(KPL Inc., Gaithersburg, MD) diluted in TBS-TW for 1 hr; 
following several TBS-TW washes, immunoreactive bands 
were identified by enhanced chemiluminescence using 
SuperSignal (Pierce) and detected on Kodak BioMax film. 

Immunocytochemistry

Sperm suspension of cauda epididymis were fixed for 1 
hr on ice with 4% formaldehyde and 0.25% glutaraldehyde 
in 0.1 M sodium phosphate buffer, pH 7.4, attached to poly-

L-lysine coated coverslips, and then permeabilized in -20°C 
acetone for 10 min. Cells were rinsed in TNT (0.15 M NaCl, 
20 mM Tris-HCl, pH 8.0, 0.05% Tween 20), blocked in TNT 
containing 5% normal donkey serum and 2.5% BSA for 1 hr, 
and then incubated with equal dilutions of anti-RAF-Kinase or 
nonimmune IgG in blocking solution for 1 hr. Coverslips were 
then rinsed three times in TNT containing 1% goat serum 
and then incubated in an affinity-purified CY3-donkey anti-
rabbit IgG secondary antibody (Jackson ImmunoResearch, 
West Grove, PA) diluted in blocking solution for one hr. 
Following several washes in TNT, the slides were examined 
by epifluorescence and phase contrast microscopy.

Capacitation

A population of highly motile cauda epididymal 
spermatozoa was prepared using a swim-up procedure 
[32]. Fifty microliters of epididymal contents, obtained by 
puncturing the cauda epididymis, was placed in a 12 X 75 
mm tube and overlain with 2 ml of warm (37°C) Tyrode 
medium (TALP-7) containing 0.3% BSA (fraction V), 0.1 mM 
hypotaurine, 0.02 mM D-penicilamine, and 1 µM epinephrine 
[33,34] and incubated for 5 min at 37°C. The upper 0.5 
ml containing the swim-up spermatozoa, was collected, 
adjusted to 1 X 106 spermatozoa/ml, and then capacitated at 
37°C for 3 hrs in a humidified incubator in a 5% CO2:95% 
air atmosphere. The sperm motility pattern and acrosomal 
integrity were evaluated by phase contrast microscopy. Based 
on the motility pattern, the spermatozoa were categorized 
into two groups: motile spermatozoa exhibiting any flagellar 
movement and hyperactivated spermatozoa exhibiting a 
whiplash-like flagellar movement with large-amplitude, 
asymmetric flagellar bends. Approximately, 80~90% of the 
total spermatozoa population exhibited flagellar movement, 
and ~50% of the motile, capacitated spermatozoa exhibited 
hyperactivated motility; most of the remaining spermatozoa 
displayed a linear or circular motility pattern. Equal numbers 
(107 cells) of capacitated and noncapacitated spermatozoa 
were pelleted by centrifugation at 12,000 X g for 5 min and 
used for SDS-PAGE, followed by Western blot analyses.

Immunoprecipitation

For coimmunoprecipitation experiments, cauda sperm 
plasma membranes were extracted in 0.1% Triton X-100 in 
TNI for 1 hr at 4°C, followed by centrifugation at 100,000 
X g for 30 min in a TL55 rotor (Beckman). To remove 
endogenous IgG, the supernatant fraction was incubated 
with Protein A-Sepharose beads at 4°C for 15 min and 
centrifuged at 12000 X g for 1 min. The supernatant was then 
incubated with anti-RAS monoclonal antibody for two hrs at 
4°C, and the immune complex was recovered by incubation 
with Protein G-Sepharose beads for 1 hr at 4°C. The beads 
containing the immune complex were washed three times 
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by centrifugation in TNI. Immunoprecipitated proteins were 
analyzed by SDS-PAGE, followed by Western blotting to 
identify coprecipitating effector proteins.

Results

Biochemical Fractionation of Sperm FTase β

The distribution of FTase β in the soluble and 
particulate fractions of hamster caput and cauda epididymal 
spermatozoa was examined by Western blot analysis (Figure 
1). The 45kDa FTase β was present in both the total caput 
(lane 1) and cauda (lane 4) sperm lysates and the caput 
(lane 2) and cauda (lane 5) soluble fractions. However, FTase 
β was not present in the caput (lane 3) and cauda (lane 6) 
particulate fractions. This result revealed the localization of 
FTase β to the soluble cell fraction, suggesting that specific 
barriers may maintain the restricted localization of FTase in 
spermatozoa. 

Figure 1: Western blot analyses immunostained with anti- 
FTase β showing total sperm lysate (lanes 1and 4), and, 
the soluble (lanes 2 and 5) and particulate (lanes 3 and 
6) fractions of sonicated of caput (lanes 1, 2, and 3) and 
cauda (4, 5, and 6) epididymal spermatozoa. Each lane of 
caput and cauda represents cell fractions obtained from 2 
X 106 spermatozoa. FTase β is only present in the soluble 
fraction of both caput and cauda epididymal spermatozoa.

Identification of Upstrem and Downstream 
Effectors of RAS

Previously, we have shown the presence of 85kDa 
regulatory subunit of PI3-Kinase and 72kDa PKCζ , the 
downstream targets of RAS, in hamster cauda sperm 
epididymal plasma membrane fraction [26]. In the present 
study, we have examined the presence of other known 
activators and effectors of RAS (Figure 2). Immunoblots of an 

enriched plasma membrane fraction of hamster cauda sperm 
epididymal spermatozoa showed the presence of 30kDa 
GRB2 (lane 2) and 81kDa RAF-Kinase (lane 3). As shown 
in lane 1, a 21kDa immunoreactive RAS was present in the 
plasma membrane fractions. An identical lane, stained with 
nonimmune mouse IgG, showed no immunoreactive bands 
(data not shown). These data demonstrate the presence 
of GRB2, an upstream effector of RAS and RAF-Kinase, a 
downstream effectors of RAS in hamster cauda epididymal 
spermatozoa. 

Figure 2: Immunoblot analyses of the plasma membrane 
fraction separated by SDS-PAGE on a 12% gel. 15µg of 
protein was loaded in each lane. Lane 1, 21kDa RAS, 
immunostained with anti- Pan-RAS; lane 2, 30kDa GRB2, 
immunostained with anti-GRB2; lane 3, 81kDa RAF-
Kinase, immunostained with anti-RAF-Kinase.

Immunofluorescence Localization of RAF 
Kinase

Cauda epididymal spermatozoa immunostained with 
anti-RAF-Kinase polyclonal antibody exhibited specific 
staining of the connecting piece and flagellum (Figure 3A). 
Sperm stained with nonimmune rabbit IgG exhibited no 
fluorescence of the flagellum and connecting piece (Figure 
3B).

Figure 3: Fluorescence (A and B) and matched phase 
contrast (A′ and B′) microscopic examination of hamster 
cauda epididymal spermatozoa immunostained with 
anti-RAF Kinase polyclonal antibody (A) and with 
nonimmune IgG (B). Note the specific fluorescence of the 
sperm connecting piece and flagellum stained with anti-
RAF-Kinase (A). Sperm incubated with nonimmune IgG 
exhibited no fluorescence (B).
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Identification of RAS-RAF Kinase Interaction by 
Coimmunoprecipitation Analysis

A coimmunoprecipitation experiment was performed 
to examine the interaction of RAS with the effector protein 
RAF-Kinase. As shown in Figure 4A, 21kDa RAS was 
completely recovered in the anti-RAS immunoprecipitation 
pellet (lane 2); both the heavy (50kDa) and light (25kDa) 
chains of IgG are evident. When an identical lane of the RAS 
immunoprecipitation pellet was stained with nonimmune 
IgG, it revealed only the heavy (50kDa) and light (25kDa) IgG 
chains but not the RAS band (Figure 4A, lane 3). The 81kDa 
RAF-Kinase coprecipitated with RAS (Figure 4B, lane 2). In 
addition, the 50kDa heavy and 25kDa light IgG chains are 
visible in the IP pellet (Figure 4B, lane 2). 

Our co-immunoprecipitation analysis demonstrates 
the interaction of RAS and RAF-Kinase in hamster cauda 
epididymal spermatozoa.

Figure 4: Identification of RAS-associated proteins by co-
immunoprecipitation analysis. Triton X-100-soluble lysates 
of the isolated plasma membrane (PM) fraction (∼200 µg 
protein) were immunoprecipitated with anti-Pan-RAS (A 
and B) and analyzed by reducing SDS-PAGE on a 12% gel. 
A) Immunoblot of Triton X-100-soluble PM fraction (lane 
1), and anti-Pan-RAS IP pellet (lane 2) immunostained 
with anti-RAS. Note that a complete recovery of RAS (21 
kDa) was observed in the IP pellet (lane 2); both the heavy 
(50 kDa) and light (25 kDa) chains of IgG are evident. An 
identical lane (lane 3) of the anti-Pan-RAS IP pellet stained, 
with nonimmune mouse IgG (NI-IgG) shows only the heavy 
(50 kDa) and light (25 kDa) IgG chains but not the 21-kDa 
RAS polypeptide. 
B) Immunoblot of Triton X-100-soluble PM fraction (lane 
1) and anti-Pan-RAS IP pellet (lane 2) immunostained with 
anti-RAF-Kinase. The 81-kDa RAF-Kinase is present in 
both the PM (lane 1) and the IP pellet (lane 2); the 50-kDa 
and 25-kDa IgG chains are also visible in the IP pellet. Our 
co-immunoprecipitation analysis reveals the interaction of 
RAS and RAF-Kinase.

Fate of RAS and its downstream effectors (PI3-
Kinase and RAF-Kinase) During Capacitation

In the present study, we have examined whether RAS and 
its downstream effectors (PI3-Kinase and RAF-Kinase) are 
retained or released following capacitation. Protein tyrosine 
phosphorylation is a key biochemical event accompanying 
sperm capacitation [35-41]. To examine the efficacy of our 
capacitation protocol, we analyzed our capacitated sperm 
fraction with immunoblots stained with α-phospho-tyrosine 
antibody (Figure 5, lane 4). 

Figure 5: Western blots of noncapacitated (lanes 1, 3, 
5, 7, and 9) and capacitated (lanes 2, 4, 6, 8, and 10) 
spermatozoa fractionated by reducing SDS-PAGE and 
stained with Coomassie Brilliant Blue (CBB) (lanes 1 and 
2), immunostained with anti-phosphotyrosine (anti-pY20, 
lanes 3 and 4), anti-Pan-RAS (lanes 5 and 6), anti-PI3-
Kinase p85 alpha (lanes 7 and 8), and anti-RAF-Kinase 
(lanes 9 and 10). Equal numbers of spermatozoa (107 
cells) were loaded in each lane.

A spectrum of tyrosine polypeptides of Mr 19,000-
99,000 (Figure 5, lane 4) was observed in capacitated total 
sperm lysate. No bands were detected in the lysates of 
noncapacitated spermatozoa (Figure 5, lane 3). When the 
anti-pY20 was preincubated with o-phospho-DL-tyrosine 
and then used for immunoblotting, no stained bands were 
observed, suggesting that the polypeptides were specifically 
phosphorylated on tyrosine residues (data not shown). Blots 
were subsequently stained with, Coomassie brilliant Blue R 
(CBB), an identical pattern of CBB-stained polypeptides was 
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exhibited in the lysates of both noncapacitated (Figure 5, 
lane 1) and capacitated (Figure 5, lane 2) spermatozoa. CBB-
stained and anti-pY20-stained blots showed that many of 
the tyrosine-phosphorylated polypeptides are not the major 
sperm proteins observed by CBB staining. As demonstrated 
in Figure 5, RAS (lanes 5 and 6), PI3-Kinase (lanes 7 and 8), 
and RAF-Kinase (lanes 9 and 10) were retained in the sperm 
pellet before (lanes 5, 7, and 9) and after (lanes 6, 8, and 10) 
capacitation. RAS and its downstream effectors (PI3-Kinase 
and RAF-Kinase) were not released during capacitation 
(data not shown). These results suggest that RAS and its 
downstream effectors (PI3-Kinase and RAF-Kinase) remain 
anchored to the sperm pellet/plasma membrane even after 
the successful completion of capacitation.

Discussion

Many enzymes and signaling proteins are localized 
at their sites of function by binding to specific proteins 
associated with organelles or cytoskeletal elements [42,43]. 
Our biochemical data revealed the localization of FTase β to 
the soluble cell fraction, suggesting that specific barriers may 
maintain the restricted localization of FTase in spermatozoa. 
Future studies will address the biochemical localization 
FTase α in hamster spermatozoa. 

RAS may participate in different signaling pathways in 
spermatozoa, and it is important to identify the upstream 
and downstream components of the pathways that function 
in spermatozoa. GTP-RAS binds to and activates several 
effector molecules, including the serine/threonine RAF-
Kinase, the lipid kinase PI3-Kinase, p120GAP, RalGDS, and 
PKCζ [19,21,24-26]. The serine/threonine RAF-Kinase is the 
well-characterized downstream effector of RAS in somatic 
cells [24,44]. Two highly conserved domains of RAS termed 
switch I (amino acids 32-40) and switch II (amino acids 
60-72) have been identified as a mediator of the binding 
of GTP-RAS to its effector proteins [17,45]. Previously, 
we have shown, by co-immunoprecipitation studies, that 
RAS interacts with PI3-kinase and PKCζ (the downstream 
effectors of RAS) [26]. In the present study, we demonstrated 
the presence of GRB2 and RAF-Kinase, which are potential 
upstream and downstream targets of RAS, respectively, in 
the plasma membrane fraction of hamster cauda epididymal 
spermatozoa. In this same study, we showed the localization 
of RAF-Kinase to the sperm flagellum and connecting piece. 
Our previous study revealed that RAS is localized to the tail of 
hamster cauda sperm [26]. Both localization studies strongly 
suggest a potential functional interaction between RAS and 
RAF-Kinase. Future immunofluorescence studies will be 
employed to determine if other potential RAS activators 
and/or effectors co-localize with RAS. It is possible that 
these potential activators and effectors localize to a different 
sperm domain, which would suggest that they function in 

domain-specific signaling pathways. 

With our co-immunoprecipitation analyses, we 
demonstrate that RAF-Kinase is associated with RAS. We had 
previously shown that RAS interacts with PI3-kinase and 
PKCζ (the downstream effectors of RAS) [26]. Taken together, 
these studies reveal the presence of two independent, well-
known RAS downstream signaling pathways in hamster 
cauda spermatozoa. It has been shown in somatic cells that 
RAS activates RAF-Kinase, which phosphorylates the MAPK 
kinase (MEK). In turn, MEK phosphorylates extracellular 
signal-regulated kinase (ERK) [24]. Future studies will 
explore the presence of the RAS/RAF/MEK/ERK pathway in 
hamster cauda epididymal spermatozoa. 

After maturation in the epididymis, spermatozoa require 
residence in the microenvironment of the female tract for a 
finite period to achieve fertilizing capacity [3,46-49]. This 
acquisition of functional competence is termed capacitation 
[50,51]. Protein tyrosine phosphorylation is one of the 
important biochemical mechanisms of sperm capacitation 
[35-41]. Results from several laboratories regarding the 
identification of tyrosine-phosphorylated polypeptides 
during capacitation are contributing to our understanding 
of the molecular basis of sperm capacitation [32,41,52-56]. 
In the present study, we have demonstrated that there is no 
proteolytic processing of RAS and its downstream effectors 
(PI3-Kinase and RAF-Kinase), and they remain anchored to 
the sperm pellet/plasma membrane even after the successful 
completion of capacitation. A future study will address to 
examine the generation of RAS and its downstream effectors 
(PI3-Kinase and RAF-Kinase) isoforms during capacitation 
by two-dimensional PAGE.

The results above suggest the exciting prospect 
that protein prenylation represents a post-translational 
mechanism to recruit proteins to specific membrane 
domains of epididymal sperm. We propose that this post-
translational mechanism may represent a critical step in 
the development of sperm motility and fertilizing capacity 
during post-testicular sperm maturation.
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