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Several studies exhibit the presence of Ricinus Communis Agglutinin I (RCA) binding glycocalyx in mammalian spermatozoa.
However, the molecular characterization of RCA binding glycocalyx in sperm membranes and its mechanism of action are poorly
understood. The objective of the study was to identify and to characterize RCA binding glycoprotein of the bovine sperm plasma
membranes (PM). Lectin blots of caput and cauda sperm PM revealed a 38 kDa polypeptide exhibiting the highest affinity to RCA
among the several major RCA binding polypeptides. The 38 kDa RCA binding polypeptide of cauda sperm PM was purified and
exhibited a charge train of three distinct spots with isoelectric points (pH 5.3 and 5.8). Proteomic identification yielded ten peptides
thatmatched the sequence of Testis Expressed 101 protein (TEX101).Western blots data revealed that bovine spermTEX101 is present
in both testicular and epididymal sperm PM fractions.The native TEX101 polypeptide contains ∼17 kDa N-linked oligosaccharides
and the polypeptide is anchored to spermmembrane via a glycosylphosphatidylinositol lipid linkage. Immunofluorescence staining
of sperm with anti-TEX101 demonstrated that the polypeptide is localized at the head of cauda sperm. Our biochemical results
provide evidence on the presence of TEX101 in bovine epididymal sperm plasma membranes and may have a potential role in
sperm-egg interaction.

1. Introduction

Spermatozoa leave the testis as morphologically differenti-
ated cells, but they require posttesticular maturation in the
epididymis to develop forward both motility and fertilizing
ability [1]. Mammalian sperm undergo several maturational
changes during their transport through the epididymal duct,
including changes in membrane lipids and proteins, mor-
phological changes in acrosome, and cross-linking of nuclear
protamines and proteins of the outer dense fiber and fibrous
sheath [1, 2]. Although spermatozoa are incapable of protein
synthesis, their plasma membrane proteins undergo several
compositional changes via the addition of new components
to the sperm surface, the unmasking or modification of
preexisting sperm-surface moieties, or the loss of sperm-
surface components [3].

Several studies reveal that the mammalian sperm plasma
membrane surface is coated with various glycoproteins

[4–6]. Sperm surface glycoproteins are thought to induce
sperm maturation and fertilizing capacity in the epididymis
[5, 7]. The extent to which these surface glycocalyx compo-
nents are altered varies from species to species and differs
in each epididymal region [8]. A hallmark feature of the
mammalian spermatozoon is its highly polarized architec-
ture, which is exhibited both in the restricted distribution of
specific organelles and in the partitioning of its plasmamem-
brane into domains of distinct composition and function
[1, 8, 9].The importance of this polarity is emphasized during
discrete fertilization steps, which require the participation of
selected organelles andmembrane domains.Themechanisms
utilized by sperm to undergo thematurational process are still
not completely understood; however, the epididymis does
provide sperm with an environment essential for the acqui-
sition of motility and fertilizing ability in vivo [1]. Lectins
are a class of proteins that can be used to analyze density
and distribution variations of exposed saccharides in the
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sperm’s plasmamembrane [5]. Lectins of differing saccharide
specificity have been shown to interact with the plasma
membrane of sperm of different species [5, 10–13]. Several
investigators also reported the RCA1 binding glycocalyx in
mammalian spermatozoa [4, 5, 14]. A 41 kDa protein in boar
epididymal sperm [4] and a 31 kDa protein in rat distal caput
and cauda sperm plasma membranes exhibit strong speci-
ficity to RCA1 [14]. Using FITC conjugated RCA1, it has also
been shown that RCA1 binding polypeptides were present
in both head and tail of ram caput epididymal spermatozoa,
whereas in corpus and cauda epididymal spermatozoa the
RCA1 binding proteins are only present in head [5]. However,
the molecular characterization of RCA binding glycocalyx
in sperm membranes and their mechanism of action are
poorly understood. The objective of the present study was
to identify and to characterize Ricinus Communis Agglutinin
I (RCA) binding glycoprotein of bovine epididymal sperm
plasma membranes. We identified a 38 kDa RCA binding
polypeptide present in both caput and cauda sperm plasma
membrane fractions and proteomic identification revealed
that the 38 kDa polypeptide is a Testis Expressed 101 protein
(TEX101) (Bos Taurus).We propose that the TEX101 polypep-
tide may play an important role in sperm-egg interaction.

2. Methods

2.1. SpermPreparation. Bovine epididymideswere purchased
from Martin’s Abattoir in Godwin, North Carolina. Epi-
didymides were stored at 4∘C during transit and utilized
for sperm preparation within 30 minutes of retrieval. To
facilitate sperm release, caput and cauda epididymal regions
were removed from the organ, minced, and incubated for
5 minutes at 37∘C in Hank’s balanced saline solution, pH
7.4, containing 5mMHEPES, 2mM benzamidine, and 0.05%
sodium azide. To evaluate sperm motility, sperm were exam-
ined by phase-contrast microscopy. Sperm suspensions were
centrifuged at 100×g for 1 minute to sediment epididymal
tubule fragments. Supernatants were centrifuged at 1500×g
for 10 minutes at 4∘C using an Eppendorf Centrifuge 5403
(Brinkman Instruments, Inc, Westbury, New York). Pellets
were washed 3 times by resuspension in Hank’s balanced
saline solution, as stated above, following which they were
resuspended in a Tris-saline-protease inhibitor solution
(TNI) containing 150mM NaCl, 25mM Tris-HCl, (pH 7.5),
2mM benzamidine, 1 𝜇g/mL leupeptin, 1 𝜇g/mL pepstatin,
and 0.05% sodium azide and centrifuged at 1500×g for 10
minutes at 4∘C. Resulting pellets were washed 2 more times
in TNI as stated above [15].

2.2. Isolation of Fluid/Particulate Fractions. Caput and cauda
epididymides were dissected and minced in TNI at 37∘C.
Sperm suspensions were centrifuged at 100×g for 1 minute
to sediment any tissue fragments that may be present within
the sample. The resulting supernatants were recentrifuged at
1500×g for 10 minutes at 4∘C; sperm pellets and supernatants
were collected. Resulting supernatant fluids were again cen-
trifuged at 100,000×g for 20 minutes to obtain caput and
cauda epididymal luminal fluids [16].

2.3. Isolation of Testicular Spermatozoa. Bovine testicular
spermatozoa were prepared following the method of NagDas
et al. [17]. One bovine testis was minced in 30mL of calcium-
free Tyrode medium, incubated for 5 minutes at 37∘C, and
centrifuged at 100×g for 5 minutes. The supernatant solution
was mixed with 120mL 65% Percoll in Tyrode medium and
then centrifuged at 23,000 rpm for 15 minutes in a 70Ti
rotor. Two bands were present after centrifugation.The lower
band, containing spermatozoa and some red blood cells, was
diluted with Tyrode medium, layered on a discontinuous
Ficoll density gradient containing 2mL each of 10% (W/V),
20% (W/V), and 40% (W/V) Ficoll in Tyrode medium, and
centrifuged at 1500×g for 10 minutes at 4∘C. The testicular
spermatozoa at the 10%–20% interface were examined for
acrosomal integrity by phase contrast microscopy, diluted
with Tyrode medium, and pelleted by centrifugation at
1500×g for 10 minutes at 4∘C.

2.4. Isolation of Sperm Plasma Membranes. Testicular, caput,
and cauda isolated sperm pellets were resuspended in TNI,
disrupted by nitrogen cavitation at 400 psi for 10 minutes and
pelleted by centrifugation at 1500×g for 10 minutes at 4∘C
[17]. Aliquots of the resulting supernatants were layered on
discontinuous sucrose gradients composed of 20% and 50%
sucrose solutions. Gradients were centrifuged at 25,000 rpm
for 60 minutes in a Beckman SW40 rotor (Beckman Instru-
ments, Palo Alto, California). Resulting plasma membrane
bands (at the 20%/50% interface) were collected and diluted
with TNI and centrifuged at 30,000 rpm for 35 minutes at
4∘C in a Beckman SW40 rotor. Resulting plasma membrane
pellets were resuspended in TNI.

2.5. Preparation of Cell Fractions for Western Blot Analysis.
To prepare soluble and particulate fractions, testicular sper-
matozoa were suspended in TNI and sonicated four times
for 10 seconds at the medium power setting. The sonicated
suspension was centrifuged at 100,000×g for 30 minutes at
4∘C in a Beckman SW40 rotor. A detergent-soluble fraction
of caput and cauda epididymal spermatozoa was prepared by
extraction with 0.1% Triton X-100 in TNI for 1 hour at 4∘C
followed by centrifugation at 12,000×g for 10 minutes. The
supernatant fractions of both caput and cauda epididymal
spermatozoa were used for lectin blot analysis.

Cauda sperm plasma membrane was extracted in high
salt (0.5M NaCl) in TNI for 1 hour at 4∘C followed by
centrifugation at 30,000 rpm for 35 minutes at 4∘C in a
Beckman SW40 rotor.The supernatant was collected and the
pellet was suspended in TNI. The volume of both pellet and
supernatant fractions were made equal to that used in the
initial high salt extraction step.

2.6. Purification of the 38 kDa RCA Binding Polypeptide.
Bovine cauda sperm plasma membrane samples were
extracted in 0.1% Triton X-100 for 1 hour at 4∘C and then
centrifuged at 100,000×g for 30 minutes at 4∘C.The resulting
supernatant was dialyzed overnight in a 25mM Tris-HCl pH
7.5 (elution buffer). The dialyzed sample was applied to a
DEAE-Sephacel column previously equilibrated with elution
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buffer. To remove unbound polypeptides, the column was
washed with elution buffer. Bound polypeptides were eluted
with a step gradient of 0.1M NaCl and 0.4M NaCl in elution
buffer. The 38 kDa RCA binding protein containing fraction
was dialyzed against lectin buffer (25mM Tris-HCl, pH 7.5,
150mMNaCl, 2mMMgCl

2
, 2mMMnCl

2
, and 2mMCaCl

2
).

The dialyzed fraction was applied to a RCA-agarose column.
The column was washed with lectin buffer and the bound
proteinwas elutedwith 0.2MD-galactose in lectin buffer.The
eluted fraction was dialyzed against water and lyophilized to
powder for SDS-PAGE and 2D-PAGE analyses.

2.7. Proteomic Analysis. Proteomic identification of 38 kDa
RCA binding polypeptide was performed at the Mass Spec-
trometry Facility of UNC School of Medicine Proteomic
Center, Chapel Hill, NC. The 38 kDa spots from 2D-PAGE
were subjected to MALDI-TOF-TOF analysis to obtain
internal amino acid sequences of several tryptic peptides.
Derived peptide sequences were analyzed in the National
Center for Biotechnology Information (NCBI) database for
the determination of potential functional motifs.

2.8. SDS-PAGE, Western Blotting, and Lectin Staining. SDS-
PAGE was performed on 12.5% or 15% acrylamide gels [18].
Polypeptide bands were visualized either by Coomassie Bril-
liant blue R (CBB) [19] or silver [20] staining. Western blots
were prepared on PVDF membranes [21]. Two-dimensional
PAGE (2D-PAGE) was performed using a Bio-Rad precast
immobilized pH (3–10) gradient gel ready for isoelectric
focusing (IEF). Lectin blot analyses were done as previously
described [14]. Immunoblots were briefly rinsed with TBS
buffer containing 10mM Tris-HCl, pH 7.5, 100mM NaCl,
and 0.1% Tween-20 (TBS-0.1% Tween-20) prior to blocking.
To prevent nonspecific binding, membranes were blocked
in a solution containing TBS-0.1% Tween-20 and 1% Bovine
Serum Albumin (BSA) for 1 hour at room temperature. Blots
were incubated with TEX101 polyclonal antibody (1 : 1000
dilution; Santa Cruz Biotechnology Inc., Santa Cruz, CA,
USA) in blocking solution as described above for 1 hour at
room temperature. To show the specificity of commercially
available TEX101 antibody, immunoblots were performed
using TEX101 antibody that had been preincubated with
TEX101 (S-13) peptide in a 1 : 1 ratio (Santa Cruz Biotech-
nology Inc., Santa Cruz, CA, USA) for 1 hour at room
temperature.Membraneswerewashed three times (3minutes
per wash) with TBS-0.1% Tween-20 and incubated with
an affinity purified horseradish peroxidase-conjugated sec-
ondary antibody (1 : 2000 dilution). Immunoreactive protein
bands were visualized either by color development with
diaminobenzidine andH

2
O
2
or by chemiluminescence using

Super Signal (Pierce) and detection on Kodak BioMax film.

2.9. Immunocytochemistry. For immunofluorescence mi-
croscopy of intact cauda epididymal sperm, prepared as
described above, spermwere fixed at 4∘C in 4% formaldehyde
in 0.1M sodium phosphate buffer, with pH 7.6, for at least 30
minutes, attached to poly-L-Lysine coated coverslips, washed
with PBS, and permeabilized by incubation for 10 minutes in

−20∘C acetone. After three rinses in PBS, nonspecific protein
binding sites were blocked in PBS containing 0.1% Tween-
20 and 2.5% BSA (blocking solution). Coverslips were then
incubated with anti-TEX101 antibody in blocking solution,
washed, and incubated with FITC-conjugated donkey anti-
goat IgG (Santa Cruz Biotechnology Inc., Santa Cruz, CA,
USA) in blocking solution. Coverslips were washed with
PBS and the cells were examined by phase contrast and
epifluorescence microscopy.

2.10. Enzymatic Digestion of Cauda Sperm Plasma Mem-
brane. The cauda sperm plasma membrane was treated with
N-glycanase (New England Biolabs, Ipswich, MA, USA),
an endoenzyme that cleaves all N-linked oligosaccharide
chains from glycoproteins for 24 hours at 37∘C [22]. For
phosphatidylinositol-specific phospholipaseC (PIPLC) treat-
ment, cauda sperm plasma membranes were washed in
phosphate-buffered saline (PBS) and then incubated in PBS
containing 2.0U/mL PIPLC (Sigma-Aldrich) at 22∘C for 30
minutes [23].

3. Results

3.1. Identification of Ricinus Communis Agglutinin (RCA)
Binding Glycoproteins in Caput and Cauda Epididymal Sper-
matozoa and Epididymal Fluid. To identify the maturation-
dependent RCA binding glycoproteins pattern in bovine
epididymal spermatozoa and epididymal fluid, lectin blots
of detergent-soluble caput sperm (Figure 1, lane 1) and
cauda sperm (Figure 1, lane 3) fractions and the isolated
epididymal fluid from the caput (Figure 1, lane 2) and cauda
(Figure 1, lane 4) epididymis were stained with biotinylated
RCA. Bovine caput (Figure 1, lane 1) and cauda (Figure 1,
lane 3) sperm Triton X-100 extracted supernatant fractions
revealed an array of intense RCA binding polypeptides in
the approximate molecular weight range of 55–38 kDa in
addition to several faint RCA binding polypeptides. Among
the several RCA stained bands, a doublet of 37-38 kDa
polypeptides was present in both caput and cauda sperm.
On the contrary, caput (Figure 1, lane 2) and cauda (Figure 1,
lane 4) epididymal fluid displayed several faint RCA stained
bands and did not reveal any significantly diverse banding
patterns. The specificity of RCA interaction was examined
by preincubation of 0.2M D-galactose with biotinylated
RCA. D-galactose resulted in marked inhibition of RCA
binding. No RCA binding polypeptides were found (data
is not shown), demonstrating the specificity of the RCA
glycoprotein staining. This study suggests that the 37-38 kDa
glycopolypeptides were the major RCA binding polypeptides
among the other polypeptides present in both detergent-
soluble fractions of caput and cauda sperm.

3.2. RCA Binding Glycocalyx Pattern of Bovine Caput and
Cauda Plasma Membrane Fractions. We examined the dif-
ferences among RCA binding sperm-surface glycoproteins
in caput and cauda plasma membrane fractions. Western
blots of the enriched plasma membrane fractions of caput
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Figure 1: Ricinus Communis Agglutinin I (RCA) binding glycoprotein pattern of bovine caput and cauda epididymal spermatozoa and
epididymal fluid. Western blots of Triton X-100-soluble fraction of bovine caput (lane 1) and cauda (lane 3) epididymal spermatozoa and
caput (lane 2) and cauda (lane 4) epididymal fluid stained with biotinylated RCA exhibited the presence of an array of intense RCA binding
polypeptides in the approximate molecular weight range of 55–38 kDa in addition to several faint RCA binding polypeptides. Among the
several RCA stained bands, a doublet of 37-38 kDa polypeptides was present in both caput (lane 1) and cauda (lane 3) sperm. Caput (lane 2)
and cauda (lane 4) epididymal fluid displayed several faint RCA stained bands. The amount of proteins loaded in each lane was 20 𝜇g.
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Figure 2: (a) RCA binding glycoproteins in plasma membranes (PM) of caput and cauda epididymal spermatozoa. Both caput (lane 1) and
cauda (lane 2) plasma membrane fractions exhibited several major RCA binding polypeptides (94, 90, 66, 38, 29, and 18 kDa) in addition to
several minor RCA binding polypeptides.The 38 kDa polypeptide revealed the highest affinity to RCA among the several major RCA binding
polypeptides. Each lane contained 10𝜇g protein. (b) The salt-dependent dissociation of 38 kDa RCA binding polypeptide of cauda sperm
plasma membranes. Lectin blot stained with biotinylated RCA showing total plasma membranes (lane 1) and the high salt extracted pellet
(lane 2) and the high salt soluble (lane 3) fractions obtained from cauda sperm plasma membranes. The 38 kDa RCA binding polypeptide is
only associated with the high salt extracted pellet.
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(Figure 2(a), lane 1) and cauda (Figure 2(a), lane 2) spermato-
zoa stained with biotinylated RCA. Both caput (Figure 2(a),
lane 1) and cauda (Figure 2(a), lane 2) plasma membrane
fractions showed several major RCA binding polypeptides
(94, 90, 66, 38, 29, and 18 kDa) in addition to several
minor RCA binding polypeptides. We did not observe any
noticeably different RCA binding polypeptides pattern both
in caput and cauda sperm plasma fractions.This study reveals
that the 38 kDa polypeptide exhibits the highest affinity to
RCA among the several major RCA binding polypeptides
both in caput and cauda sperm plasma membrane fractions.
The following studies were focused on the identification
and the characterization of 38 kDa RCA binding polypeptide
from cauda sperm plasma membrane fraction.

We next examined the solubility pattern of 38 kDa RCA
binding polypeptide of cauda sperm plasma membrane
fraction in high salt (0.5M NaCl). Lectin blot of the total
(Figure 2(b), lane 1), the pellet (Figure 2(b), lane 2), and
the high salt soluble fraction (Figure 2(b), lane 3) stained
with biotinylated RCA showed the presence of all major
RCA binding polypeptides (94, 90, 66, 38, 29, and 18 kDa)
in the high salt extracted particulate fraction (Figure 2(b),
lane 2) whereas a minor fraction of 94 and 90 kDa RCA
binding polypeptides were present into the soluble fraction
(Figure 2(b), lane 3). This study suggests that the 38 kDa
RCA binding polypeptide is an integral component of bovine
cauda sperm plasma membranes.

3.3. Purification of 38 kDa RCA Binding Polypeptide from
Bovine Cauda Sperm Plasma Membrane Fraction and Pro-
teomicAnalysis of 38 kDaRCABinding Polypeptide. Topurify
the 38 kDa RCA binding polypeptide, the Triton X-100
soluble fraction of bovine cauda sperm plasma membrane
(Figure 3, lane1) was first fractionated by ion exchange chro-
matography on DEAE-Sepharose. The 38 kDa RCA binding
polypeptide was detected in elution buffer containing 0.1M
NaCl. By ion exchange chromatography, we eliminated sev-
eral polypeptides as it was observed in the unbound fraction
of DEAE-Sepharose column (Figure 3, lane 2) stained with
silver. The silver stained gel of 0.1M NaCl eluted fraction
of DEAE-Sepharose column (Figure 3, lane 3) revealed the
presence of an array of polypeptides where the 38 kDa RCA
binding polypeptide is one of them.Topurify the 38 kDaRCA
binding polypeptide from this 0.1M NaCl eluted sample of
DEAE column, an affinity chromatography on RCA-agarose
was performed. The 38 kDa RCA binding polypeptide was
eluted from the RCA-agarose column in elution buffer con-
taining 0.2M D-galactose (Figure 3, lane 5) and was well
separated from other polypeptides (Figure 3, lane 4) as it was
detected by silver stained gel. Lectin blot analysis of 0.2M
D-galactose eluted fraction stained with biotinylated RCA
exhibited the presence of a 38 kDa RCA binding polypeptide
(Figure 3, lane 6). The galactose eluted fraction was dialyzed
against distilled water and lyophilized to powder. Several
batches of the lyophilized fractions were analyzed by two-
dimensional PAGE and stainedwith Coomassie Brilliant blue
R. Two distinct stained spots (approximate molecular weight
38 kDa) with isoelectric points ranging between pH 5.4 and
5.8 were exhibited in two-dimensional PAGE (Figure 4(a)).
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Figure 3: Silver stained SDS-polyacrylamide gel electrophoresis
demonstrating the purification of 38 kDa RCA binding polypeptide.
Lane 1 shows the complex polypeptide pattern present in the
detergent soluble fraction of cauda sperm plasma membranes. Lane
2: unbound fraction of DEAE-Sepharose column. Lane 3: 0.1M
NaCl eluted fraction of DEAE-Sepharose column; 38 kDa RCA
binding polypeptide was present in this fraction. This fraction was
further purified by affinity chromatography on RCA-agarose. Lane
4: unbound fraction of RCA-agarose column. Lane 5: 0.2M D-
galactose eluted fraction of RCA-agarose column. Lectin blot anal-
ysis of 0.2M D-galactose eluted fraction of RCA-agarose column
exhibits the presence of the 38 kDa RCA binding polypeptide (lane
6).

Both spots were excised and identified by proteomic analysis.
To determine if 38 kDa RCA binding polypeptide was com-
prised of charge variant isoforms, the lyophilized fractionwas
separated by two-dimensional PAGE and subjected to lectin
blot analysis. Western blot stained with biotinylated RCA
exhibited a charge train of three distinct spots of 38 kDa RCA
binding polypeptide with isoelectric points ranging between
pH 5.3 and 5.8 (Figure 4(b)). Proteomic identification of
the 38 kDa RCA binding polypeptide by MALDI-TOF-TOF
analysis yielded 10 peptides (Figure 4(c)) that matched the
NCBI database sequence of Testis Expressed 101 protein
(TEX101) (Bos Taurus).

3.4. Membrane Anchoring of TEX101 in Spermatozoa. West-
ern blot analyses of the total (Figure 5(a), lane 1), the par-
ticulate (Figure 5(a), lane 2), and the soluble (Figure 5(a),
lane 3) fractions of sonicated testicular spermatozoa stained
with TEX 101 polyclonal antibody (1 : 1000 dilution) revealed
that the 38 kDa TEX101 polypeptide was partitioned to the
particulate fraction (lane 2). No immunoreactive band was
seenwhen an identical blot was stainedwith TEX101 antibody
preincubated with TEX101 (S-13) peptide (data is not shown)
exhibiting the specificity of the TEX101 polyclonal antibody.
This study reveals that TEX101 polypeptide is a membrane
bound protein.

Wenext examined the biochemical localization of TEX101
in bovine testicular, caput, and cauda epididymal sperm
plasma membrane fractions. Western blots of plasma mem-
brane fractions of testicular (Figure 5(b), lane 1), caput
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Figure 4: (a) and (b) purified fraction of RCA-agarose column fractionated by two-dimensional polyacrylamide gel electrophoresis stained
with Coomassie Brilliant blue R (a) exhibited two distinct spots (38 kDa) with pI of 5.4–5.8. Both spots were excised and identified by
proteomic analysis. Western blot of same fraction stained with biotinylated RCA (b) reveals three isoelectric variants of 38 kDa polypeptide
in the pH range 5.3 to 5.8. (c) Tryptic peptides of the 38 kDa polypeptide identified by MALDI-TOF-TOF proteomic analysis.
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Figure 5: (a)Western blot immunostainedwithTEX101 antibody showing total bovine testicular sperm lysate (lane 1) and the particulate (lane
2) and soluble (lane 3) fractions obtained from testicular spermatozoa (2 × 106 spermatozoa). TEX101 is only associated with the particulate
fraction. (b) Immunoblot of plasma membrane fractions of testicular (lane 1), caput epididymal (lane 2), and cauda epididymal (lane 3)
spermatozoa stained with anti-TEX101. Each lane contained 10𝜇g protein. TEX101 is present in all three plasma membrane fractions.

(Figure 5(b), lane 2), and cauda (Figure 5(c), lane 3) epi-
didymal sperm stained with TEX101 polyclonal antibody
showed the presence of a 38 kDa TEX101 polypeptide in all
plasma membrane fractions. An identical blot stained with
nonimmune IgG showed no band (data is not shown). This
study suggests that bovine TEX101 is present in both testicular
and epididymal sperm plasma membrane fractions.

3.5. Immunolocalization of the TEX101 Protein. Light micro-
scopic immunocytochemistrywas utilized to define the local-
ization of TEX101 polypeptide. Acetone permeabilized sperm
exhibited intense staining on sperm head with anti-TEX101
(Figures 6(a) and 6(b)). No staining of the equatorial segment
or of the postacrosomal segment of the head was noted.
Control specimens of acetone permeabilized spermatozoa
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(a) (b)

Figure 6: Immunofluorescence localization of the TEX101 protein. Matched phase contrast (a) and fluorescence (b) photomicrographs of
permeabilized bovine cauda spermatozoa immunostained with anti-TEX101 polyclonal antibody. Staining was present on the head. Bar
represents 10 𝜇m.

that were immunostained with identical dilution of antibody
preincubated with TEX101 (S-13) peptide were completely
negative (data is not in the text).

3.6. Evidence That Bovine Cauda Sperm Plasma Membrane
TEX101 Is aGlycoprotein and Is aGlycosylphosphatidylinositol-
(GPI-) Anchored Protein. To explore whether TEX101 is
a glycoprotein, the cauda sperm plasma membranes were
incubated in the absence or presence of N-glycanase, an
endoenzyme that cleaves all N-linked oligosaccharide chains
from glycoproteins [22]. Western blots of native TEX101
(Figure 7(a), lane 1) and N-linked deglycosylated TEX101
(Figure 7(a), lane 2) stained with TEX101 polyclonal antibody
showed a significant reduction in the size of TEX101 polypep-
tide after N-glycanase treatment. Compared to native 38 kDa
TEX101 polypeptide the deglycosylated form exhibited a
21 kDa single band.This study suggests that TEX101 possesses
approximately 17 kDa of N-linked oligosaccharide moieties.

Attempts were then made to examine whether TEX101 is
a GPI-anchored protein. Bovine cauda sperm plasma mem-
brane incubated with PIPLC; PIPLC removes GPI-anchored
proteins from the membrane [23]. Immunoblots of control
(untreated plasmamembrane) pellet revealed the presence of
a 38 kDa TEX101 polypeptide (Figure 7(b), lane 1) whereas no
release of TEX101 was observed in the control supernatant
fraction (Figure 7(b), lane 2). On the contrary, after PIPLC
treatment of plasma membrane, TEX101 polypeptide was
completely released in the supernatant (Figure 7(b), lane 4).
No TEX101 was detected in the PIPLC treated pellet fraction
(Figure 7(b), lane 3). This experiment reveals that bovine
cauda sperm TEX101 is anchored to membrane via a GPI-
lipid linkage.

4. Discussion

Proteolytic processing by membrane-associated or luminal
hydrolases and the binding of epididymal proteins are
considered the primary mechanisms responsible for the
modification of the sperm surface [1]. Our current study
is focused on the identification and characterization of a

38 kDa RCA binding glycoprotein that is present in bovine
caput and cauda epididymal sperm plasma membranes. Our
data also reveals that the 38 kDa RCA binding polypeptide
is not secreted by the epididymal epithelium. In the current
study, we found that the 38 kDa polypeptide exhibits the
highest affinity toRCAamong the severalmajor RCAbinding
polypeptides present in both caput and cauda sperm plasma
membranes. Proteomic analysis of the purified 38 kDa RCA
binding polypeptide matched the NCBI database sequence
of TEX101 polypeptide. The predicted isoelectric point of
mouse testicular TEX101 is 5.25 [24]. Our 2D-PAGE reveals
a charge variant pattern of 38 kDa RCA binding polypeptide
(TEX101) with three isoforms (pI 5.3–5.8) that may represent
glycosylation variants. Functionally, it will be crucial to
determine if the different TEX101 isoforms exhibit similar or
different ligand-binding specificity.

Kurita et al. [24] first identified and characterized a
38 kDa TEX101 polypeptide in adult mouse testis and local-
ized TEX101 on the plasma membrane of spermatocytes and
spermatids. Biochemical localization of TEX101 in mouse
testis homogenate revealed the presence of TEX101 in both
the cytosol and detergent-soluble fractions [24]. However,
our data showed the presence of TEX101 in the particulate
fraction of bovine testicular spermatozoa (Figure 5(a)). In
mouse, Takayama et al. [25] reported that TEX101 polypep-
tide is mostly removed from the surface of sperm during
epididymal transit. On the contrary, Yin et al. [23] showed
the presence of NYD-SP8 (homologous to mouse TEX101
polypeptide) in both human and mouse testes and human
ejaculated and mouse cauda sperm. TEX101 was present in
lipid raft fractions of mouse cauda epididymal sperm and
the redistribution of TEX101 in lipid raft fractions occurs
during capacitation [26]. Taken together, our studies strongly
reveal the presence of TEX101 polypeptide in bovine cauda
epididymal sperm plasma membranes.

Immunohistochemical analysis of TEX101 showed the
presence of the polypeptide in the flagellum of mouse testic-
ular sperm, whereas sperm in caput and corpus epididymis
showed faint staining and no staining was observed in cauda
sperm [25]. Miranda et al. [27] localized mouse caudasperm
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Figure 7: (a) Immunoblots of cauda sperm plasmamembrane fraction treated withN-glycanase analyzed by reducing SDS-PAGE on 15% gels
and immunostained with anti-TEX101. Lane 1 represents the untreated TEX101 polypeptide, and lane 2 displays N-glycanase treated TEX101
polypeptide. Note the reduction in molecular weight (∼17 kDa) of the deglycosylated sample. Each lane contains 15𝜇g protein. (b) Western
blot analysis of TEX101 polypeptide treated with PIPLC and immunostained with anti-TEX101. Lanes 1 and 2 display the untreated plasma
membranes (control) of pellet and supernatant fractions, respectively. TEX101 is present in the pellet fraction (lane 1). Lanes 3 and 4 exhibit
the pellet and the supernatant fractions of PIPLC treated plasma membranes, respectively. Note that there is a complete release of TEX101
polypeptide in the supernatant fraction (lane 4) of PIPLC treated plasma membranes. The amount of plasma membrane proteins employed
in the control and PIPLC treated experiments was 15𝜇g.

TEX101 in the cytoplasmic droplet using the antibody pro-
vided by Kurita et al. [24]. The cytoplasmic droplet is
generally regarded as a nonfunctional organelle containing
residual cytoplasm which separates from the spermatozoon
following its migration to the posterior end of the midpiece.
Interestingly, the immunolocalization studies of Yin et al.
[23] showed the presence of TEX101 to the posterior head of
both human and mouse sperm, a region primarily involved
in sperm-egg interaction. Our data also showed the presence
of TEX101 protein in bovine cauda epididymal sperm head
suggesting that the TEX101 glycocalyx may be involved in
sperm-egg interaction. Due to the discrepancy of localization
of TEX101 from the studies of several groups of investigators,
the precise mechanism(s) of TEX101 polypeptide is not well
defined. We will utilize electron microscopic immunocyto-
chemical study in future to address this issue.

Mouse TEX is highly N-glycosylated [28] whereas bovine
TEX101 contains 17 kDaN-linked oligosaccharides.The sugar
moieties of TEX101 polypeptide may have a receptor-like
role in sperm-egg interactions by recognizing its comple-
mentary molecule(s). Our future study will address the
potential function of sugar moieties of TEX101 in fertilization
process. Bovine cauda sperm TEX101 is anchored to the
membrane via a GPI-lipid linkage (Figure 7(b), lane 4) as
it was reported in mouse and human sperm TEX101 [23]
and mouse testis TEX101 [28]. Immunoprecipitation, LC-
MS-MS proteomic analysis, and immunofluorescence studies

revealed the association of mouse testis TEX101 with cellu-
brevin [29], lymphocyte antigen 6 complex locus K (Ly6K)
[30, 31], and dipeptidase [32]. However, the precise functions
of interactions of TEX101 to these three proteins are still
unclear. Our future study will address the protein-protein
interaction of bovine sperm TEX101 and the functional role
of interaction either in sperm development or in fertilization
process.

In sperm, it has been documented that the cleavage
of GPI-anchored proteins is involved in fertilization [33].
Yin et al. [23] proposed that the sperm TEX101 may be
involved in communicating with the cumulus of egg during
sperm-egg interaction. Recently, it has also been shown that
Tex101 gene knockoutmice producemorphologically distinct
spermatozoa but they do not have fertilization competency.
Several members of cell adhesion proteins such as disintegrin
and metallopeptidase domain 3 (ADAM3) were absent in
cauda plasma membranes of Tex101−/− mice suggesting that
ADAM3 plays a significant role in causing the infertile phe-
notypes. They also observed that the existence of TEX101 on
spermatozoa is regulated by angiotensin-converting enzyme
(ACE) and to produce functionally competent spermatozoa,
the removal of GPI-anchored TEX101 protein is required
by ACE [34]. Another group of investigators showed that
Tex101−/− mouse sperm lost the adhesive competency to the
surface of female genital tract. They also identified the loss
of four ADAM proteins (ADAM3, ADAM4, ADAM5, and
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ADAM6) in Tex101−/−mouse cauda epididymal spermatozoa
suggesting that not only ADAM3 but also other ADAM
protein family members might have an important role in
sperm functions [35]. They also demonstrated that the infer-
tility of TEX101−/− mice is due to the uterotubal junction
migration defect of sperm; however, TEX101−/− sperm can
fertilize oocytes both in vivo and in vitro via assisted repro-
duction. Additional studies are needed to localize TEX101
at the ultrastructural level and to resolve the discrepancy of
physiological role of TEX101 in mammalian fertilization.

5. Conclusions

In the present study, we purified a 38 kDa Ricinus Communis
Agglutinin I (RCA) binding glycoprotein present in bovine
cauda epididymal sperm plasma membrane fractions having
a charge train of three distinct spots with isoelectric points
ranging between pH 5.3 and 5.8. Proteomic identification
yielded ten peptides that matched the sequence of TEX101
(Bos Taurus).Our study reveals that TEX101 is present in both
testicular and epididymal spermplasmamembrane fractions.
Bovine cauda sperm TEX101 contains approximately 17 kDa
of N-linked sugar residues and it is anchored to sperm
membrane via a GPI-lipid linkage. Based on our biochemical
data, we propose that bovine sperm TEX101 may play a
significant role in fertilization event.
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