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Abstract

The seminal vesicles of adult sand rat contain a major secretory protein band (MW 21 kDa) designated as 
Psammomys obesus seminal vesicles protein of 21 kDa (POSVP21).  This protein is abundant in secretions, regulated 
by androgens and also present in the vaginal plug.  POSVP21 accounts for over 22.3% of soluble proteins from 
homogenate during the breeding season, 13.3% during the middle season and 5.3% during the hormonal regression 
season.  It is absent during the non-breeding season.  POSVP21 is localized in the cytoplasm of epithelial cells and 
in secretory products in the lumen.  It presents an immunological homology with two epididymal proteins with the 
same molecular weight and a high degree of homology with transgelin from rat (Rattus norvegicus).  
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1    Introduction

The seminal vesicles present in most adult male 
mammals secrete a group of proteins that constitute a 
major portion of seminal plasma [1].  The biological 
significance of these proteins in mammalian reproduc-
tive physiology is currently obscure.  Seminal vesicle 
secretions influence fertility because ablation of the 

seminal vesicles leads to a great decrease in the fertility 
of several species of rodents, such as the rat [2] and the 
mouse [3, 4].  

In rodents, the formation of the vaginal plug is 
often considered to be a major role of the accessory 
glands.  Removal of the seminal vesicles has been 
shown to alter the motility of uterine sperm, which 
has the potential to alter sperm transport in the female 
reproductive tract, thus reducing the chances of fertili-
zation [4].

It is well established that the accumulation of semi-
nal vesicle secretions, which contain a group of proteins 
that constitute the major protein components of seminal 
plasma, becomes prominent in the post-pubertal period 
[5].  Seminal plasma, which facilitates the transport of 
sperm in the female genital tract, also contains factors 
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that influence sperm motility [6] and fertility [7, 8].  
The rodent has proved to be a good experimental model 
for the study of this system, and some of the protein 
components of rat and mouse seminal vesicle secretions 
have been purified and identified [9, 10].

Furthermore, the seminal vesicles provide the struc-
tural proteins of the copulatory plug [11].  In the rat, 
each of the five most abundant proteins (proteins I–V) 
of seminal secretion is a structural protein of the copu-
latory plug [12].  

The genetic expression of some of these proteins 
has been shown to be dependent on the presence of tes-
tosterone [13].  The mechanism by which testosterone 
regulates the expression of androgen-dependent proteins 
has been investigated; in the mouse, it has been dem-
onstrated that androgens act mainly on Mouse seminal 
vesicle secretory protein of 99 aminoacids (MSVSP99) 
gene transcription, and that this transcriptional regula-
tion is exerted by steroid-receptor complexes interact-
ing with enhancer sequences that are adjacent to the 
gene [14].

Finding the structure and function of these proteins 
has been attempted in order to understand their roles in 
seminal vesicle physiology and their effects on gamete 
activity.

In the seminal vesicles of the Saharian rodent 
Psammomys obesus, one major protein with an appar-
ent molecular weight of 21 kDa, designated POSVP21 
(i.e., P. obesus seminal vesicle protein of 21 kDa), is 
present in the seminal vesicle homogenate and is found 
in seminal vesicle secretions and in the vaginal plug 
during the breeding season.  During the non-breeding 
season, the amount of POSVP21 is greatly reduced.  The 
expression of this protein has been shown to be de-
pendent on the presence of testosterone; the expression 
of the 21-kDa protein is induced by testosterone, and 
levels of this protein decrease most dramatically after 
castration [15].

POSVP21 is localized in the cytoplasm of the epi-
thelial cells of the seminal vesicles and in the secre-
tory products in the lumen during the breeding season 
[16].

The purpose of this work was to identify the 
sequence of POSVP21 and elucidate the role of this 
secretory protein in reproduction.

Here, we report the partial analysis of the identified 
peptide sequences of the seminal vesicle secretory pro-
tein (POSVP21) and two epididymal proteins (P21Ep and 
P21Ed) of P. obesus, all with the same apparent molecular 

weight of 21 kDa.

2    Materials and methods

2.1  Animals
The sand rat is a diurnal rodent that lives around 

wadis in the Sahara desert.  Adult animals were trapped 
in the wild in the regions of Béni Abbès (30°07′N, 
2°10′W) and M’sila (35°N, 4°E) and killed 24–48 h later 
to study the proteins secreted by the seminal vesicles and 
other secretory organs of the male genital tract.  Excised 
tissues were fixed or stored at −80ºC for RNA or protein 
extraction.

2.2  Extraction of proteins from adult sand rat seminal 
vesicles and epididymides

In normal adult males, proteins obtained either 
from secretions or from homogenized tissues were 
used.  Seminal vesicles were homogenized for 30 s 
at 4ºC in 2 or 4 mL buffer A, in a glass–glass hand-
held homogenizer (Braun, Melsungen, Germany).  
After centrifugation at 12 000 × g for 10 min at 4ºC, 
the supernatant fluid was retained and used as ‘ho-
mogenate’.  The amount of protein in the samples 
was determined by the micro method procedure of 
Bradford assay [17].

2.3  Protein gel electrophoresis 
One-dimensional electrophoresis was performed 

under denaturing conditions [18] and carried out on 
slab gels (140 mm × 120 mm × 1.5 mm) using a Biorad 
model 220; sodium dodecyl sulphate protein samples 
(100 µg) were applied to 15% resolving gels with 4.5% 
stacking gel and run at 20 mA at room temperature until 
the tracking dye (Bromophenol blue) reached the bot-
tom of the gels.  The gels were then stained with 0.25% 
(w/v) Coomassie blue in an aqueous solution contain-
ing 50% (v/v) methanol and 10% (v/v) acetic acid for 
45 min at room temperature and destained in a solution 
without dye.  The apparent molecular weights of the 
proteins were calculated using the mobility of standard 
proteins as a reference.

2.4  Immunohistochemistry
The seminal vesicles were fixed in a buffered 

solution of 10% formalin for about 24 h, dehydrated 
in a graded series of ethanol and embedded in paraffin.  
Sections were cut at a thickness of 5 µm and mounted 
on a poly-L-lysine-coated glass slide.  The sections 
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were exposed to immunohistochemical staining by an 
avidin–biotin complex technique (Dako Cytomation, 
Carpinteria, CA, USA).  Endogenous peroxidase was 
inactivated with 3% hydrogen peroxide (H2O2) in 
H2O for 10 min.  Subsequently, the sections were 
washed in PBS (pH 7.4) and then incubated with 
normal goat s e rum (b lock ing r eagen t ) (Dako 
Cytomat ion) for 45 min, followed by overnight 
incubation with the primary antibody diluted 1:200 
at 4ºC.  After washing, the slides were incubated with 
biotinylated anti-rabbit antiserum (Dako Cytomation) for 
20 min.  An avidin–biotin–peroxidase complex (Dako 
Cytomation) was then applied for 20 min.  The binding 
sites of the primary antibody were visualized with 
diaminobenzidine (DAB) and H2O2 solution (0.12 g 
DAB in 240 mL of PBS, pH 7.4, containing 3% H2O2) 
for 5 min.  Slides were contrasted with haematoxylin 
and mounted with 1,3-diethyl-8-phenylxanthine.  
As a negative control, samples were incubated with 
normal goat serum instead of the primary antibody, 
with the remaining procedures being the same.  The 
images obtained by this technique were taken with a 
microscope digital camera system.

2.5  Two-dimensional electrophoresis (2-DE)
2-DE was carried out using non-equilibrium pH 

gradient gel electrophoresis in the first dimension as 
described by O’Farrell [19].  For the first dimension, 
7 cm immobilized pH gradient (IPG) strips (pH 3–10; 
Amersham Biosciences, Pantin Cedex, France) were re-
hydrated with 75 µg of protein for 2 h in the solubiliza-
tion buffer, 1% (w/v) dithiothreitol (DTT) and 1% IPG 
buffer.  Focusing was carried out in a Bio-Rad protean 
IEF Cell system (Bio-rad, USA) for a total of 80 000 V h.  
For the second dimension, after reduction and alkyla-
tion, the strips were loaded onto a 13.5% (w/v) acryla-
mide gel using a Bio-Rad Protean 2XI Cell system (Bio-
rad, USA).  Gels were stained with Coomassie Blue 
G-250 [20], scanned at 300 dpi on an Umax Scanner 
(Pharmacia, Bedford, MA, USA) and analysed using 
Melanie 4.0 Software (GeneBio, Geneva, Switzerland).  
Three replicate gels of each sample were analysed.

2.6  Immunoblotting
Western blotting of polyacrylamide gels onto nitro-

cellulose sheets was carried out according to Towbin 
[21].  After 1-D electrophoresis, proteins were elec-
troblotted onto a polyvinylidene difluoride membrane 
(Immobilon Psq, Millipore, Bedford, MA, USA) using 

a semi-dry transfer blotter (Bio-Rad) and visualized by 
Coomassie Brilliant Blue staining.

2.7  Mass spectrometry analysis
Bands of interest were subjected to tryptic digestion 

using a procedure previously described [22].  Protein 
bands were excised from the gel and destained with a 
solution of 25 mmol L−1 ammonium bicarbonate for 
30 min and then with a 1:1 (v/v) solution of acetonitrile 
and 25 mmol L−1 ammonium bicarbonate for 30 min.  
Washes were repeated until the blue colour of Coomas-
sie was removed.  Bands were then dried by vacuum 
centrifugation and rehydrated in 10 mmol L−1 DTT in 
25 mmol L−1 ammonium bicarbonate solution for 1 h 
at 56ºC.  The supernatant was removed and the bands 
were incubated in the dark for 45 min with 55 mmol L−1 
iodoacetamide in 25 mmol L−1 ammonium bicarbonate.  
Bands were washed as previously described, dried 
completely in a Speed Vac Plus (Savant, NY, USA) for 
30 min and enzymatically digested overnight using se-
quencing-grade trypsin (Promega, Madison, WI, USA).

Coomassie Brilliant blue, SDS and salts were 
removed from the protein sample after passive elution 
using a ZipTipHPL (hydrophilic interaction chromatography) 
according to the manufacturer’s instructions (Millipore, 
Bedford, MA, USA).  Briefly, the ZipTipHPL was rehy-
drated in buffer A (H2O/ACN/AcOH: 50/50/0.1, pH 5.5) 
and washed with buffer B (H2O/ACN/AcOH: 10/90/0.1, 
pH 5.5).  Protein eluates were diluted in 200 µL of buff-
er A and proteins were eluted in 4 µL of H2O/ACN/
TFA (50/50/0.1).  NanoLC-MS/MS analyses were 
performed on an ion trap mass spectrometer (LTQ-
Orbitrap-XL, Thermo Fischer, USA ) with nano-HPLC 
Ultimate 3000 (Dionex, France).  Peptide sequences 
were analysed using Mascot software (Matrix Science, 
London, UK) and the SwissProt database.

2.8  Database searching
MS/MS fragmentation was compared using Mascot 

software with sequences in the SwissProt database and 
the NCBInr database.

The reliability of protein identifications was 
evaluated on the basis of multiple variables, including 
the Mascot score, the number of peptide matches, mass 
error (m/z accuracy), percent coverage of the matched 
protein, similarity of experimental and theoretical 
protein molecular weights (Mr) and isoelectric points 
(pIs), and degree of phylogenetic divergence of the 
species from which the sequence was matched.
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3    Results

3.1  Isolation and purification of POSVP21

Polyacrylamide gel electrophoretic analysis of 
soluble proteins from breeding season and non-breeding 
season sand rat homogenates shows seasonal variations 
in POSVP21 expression.  POSVP21 is produced in large 
amounts in autumn and winter (lanes b and c) and 
production decreases most dramatically in spring and 
summer (lanes d and e).

3.2  Quantification of POSVP21

POSVP21 accounts for 22.3% of the soluble proteins 

in the homogenate during the breeding season (autumn) 
(Figure 1 Lane b), 13.3% during the middle season (early 
spring) (Figure 1 Lane c) and only 5.14% during the hor-
monal regression season (Figure 1 Lane d) (late spring).  
It is absent during the non-breeding season (early sum-
mer) (Figure 1 Lane e).

This comparative study shows a 9% reduction 
in the rate of POSVP21 production between the early 
breeding season (autumn) and the middle season (early 
spring).  This reduction is more dramatic (17.2%) be-
tween the early breeding season (autumn) and hormo-
nal regression season (late spring) (Figure 1 Lane d)); 
this rate is reduced to zero during the non-breeding 
season (Figure 1 Lane e).

The densitometric analysis of electrophoretic pro-
files showed that during the breeding season, POSVP21 
accounts for 22% of all soluble proteins in the homoge-
nate (Figure 2a).  In secretions, proteins of 21 kDa rep-
resent 13% of all soluble proteins (Figure 2b).

Both a comparative study of the proteomic pro-
files (Figure 2A) and a densitometric analysis of the 
homogenate and secretions of the seminal vesicles 
(Figure 2B) reveal that the majority of 21-kDa proteins 

Figure 1.  Polyacrylamide gel electrophoretic analysis of soluble 
proteins from adult sand rat seminal vesicles, including protein 
components of soluble proteins from homogenate (seminal vesi-
cles and secretions) samples collected in different seasons.  A suit-
able amount of protein was subjected to SDS-PAGE on a 15% slab 
gel (140 mm × 120 mm × 1.5 mm).  Each lane was loaded with 
100 µg protein.  Proteins were stained with Coomassie blue.  The 
arrows indicate the position of the 21-kDa protein.  (Lane a): Pro-
tein standards: phosphorylase B (94 kDa); bovine serum albumin 
(67 kDa); ovalbumin (43 kDa); carbonic anhydrase (30 kDa); soy-
bean trypsin inhibitor (20.1 kDa); a lactalbumin (14 kDa).  (Lanes 
b and c): Proteins from the homogenate of the adult sand rat semi-
nal vesicles from animals caught during the breeding season (early 
autumn and early spring).  (Lane d): Proteins from the homogenate 
of the adult sand rat seminal vesicles from animals caught during 
the regression hormonal season (late spring).  (Lane e): Proteins 
from the homogenate of the adult sand rat seminal vesicles from 
animals caught during the non-breeding season (early summer).

Figure 2.  Polyacrylamide gel electrophoretic analysis (A) and 
densitometric analysis (B) of soluble proteins from adult sand rat 
seminal vesicles.  Protein components of soluble proteins from 
seminal vesicle homogenate (a) and secretions (b).
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Figure 3.  2-D electrophoretic separation of soluble proteins from 
sand rat seminal vesicle homogenate during the breeding season.  
Proteins were stained with Coomassie Blue.

present in the homogenate are secreted (13%).

3.3  Characterization and identification of POSVP21, 
P21Ep and P21Ed

POSVP21 seems to be composed of three closely 
separated spots (Figure 3).  The pH values of these 
spots ranged from 4 to 7.

The comparison of peptide sequences generated by 
the Mascot software (Swiss-Prot data bank) allowed a 
partial identification of POSVP21.

All of the peptide sequences obtained from 
POSVP21 showed homology with the peptide sequence 
of the R. norvegicus transgelin protein, with 62% ho-
mology.

Among these sequences, nine showed homology 
with the calponin domain (characterizing proteins that 
can bind actin) of the R. norvegicus transgelin protein, 
with 77% homology.  The calponin domain is located 
between AA24 and AA139 (Figure 4).

Our results suggest that POSVP21 is a transgelin 
protein in the sand rat (P. obesus).

3.4  Comparative analysis of POSVP21, P21Ep and P21Ed

Before drawing any conclusions regarding the 
role of POSVP21 at the level of the male genital tract 
in P. obesus, an investigation was performed to check 
whether the epididymal proteins P21Ep (the 21-kDa pro-
tein of the proximal epididymis) and P21Ed (the 21-kDa 
protein of the distal epididymis) would show some 
other characteristics similar or identical to those of 

POSVP21, in addition to their electrophoretic properties.
Thus, our results suggest that POSVP21 is a transge-

lin protein in the sand rat.  The existence of an immuno-
logical homology with POSVP21 was first investigated, 
and then structural homologies between these proteins 
were assessed.  For this purpose, the same methods 
were used.

3.5  Localization of P21Ep and P21Ed

Research to discover a possible immunological 
homology between P21Ep, P21Ed and POSVP21 was per-
formed using anti-POSVP21 antibodies with Western 
blotting and immunohistochemistry.

Immunological homology was consolidated by 
the study of immunolocalization, along with the de-
termination and analysis of the P21Ep and P21Ed peptide 
sequences.

The immunohistochemical study showed a re-
activity of anti-POSVP21 antibodies with respect to 
the P21Ep and P21Ed located in the peripheral area of the 
epididymal channel (proximal and distal) at the level of 
the epithelium and the ECM (Figure 5).

The tissue and cellular immunolocalizations of P21Ep 
and P21Ed consolidate the immunological homology be-
tween these two compounds and POSVP21.

3.6  Analysis of P21Ep and P21Ed peptide sequences
The determination and analysis of P21Ep and P21Ed 

peptide sequences showed 41% and 48% homology, 
respectively, on the peptide sequence of R. norvegicus 
transgelin (Figure 6).

We also noted that all of the peptide sequences 
identified from P21Ep and P21Ed are found in the POSVP21 
sequence.

In conclusion, POSVP21, P21Ep and P21Ed are im-
munologically related, and their identified peptide 
sequences showed a high degree of homology with 
R.  norvegicus transgelin.

Our results show that the isolated proteins POSVP21, 
P21Ep and P21Ed, located at the level of the seminal vesi-
cles, the proximal epididymis and the distal epididymis, 
respectively, seem to correspond to the same protein: the 
transgelin proteins.

4    Discussion

The analysis of POSVP21 peptide sequences 
reveals a strong homology with the R. norvegicus trans-
gelin peptide sequence.  Indeed, all of the 14 peptide 
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Figure 5.  Immunohistochemical localization of P21Ep and P21Ed in various sections of mature sand rat epididymides.  (A, B): Proximal 
epididymis; (C): distal epididymis.  The sections were photographed at magnifications of 250 (A); 400 (B); and 250 (C).  Spz: sperma-
tozoa; E: epithelium; ECM: extracellular matrix. Scale bars = 20 µm.

Figure 6.  Identified peptide sequences.  (A): From P21Ep (the 21-kDa protein of the proximal epididymis); (B): from P21Ed (the 21-kDa 
protein of the distal epididymis).  Amino acids identical to those in Rattus norvegicus transgelin are presented in bold, with other 
sequences aligned to show homology.

Figure 4.  Homologies between the amino-acid sequence from POSVP21 fragment and the sequence from rat R. norvegicus transgelin.  The 
identical amino acids are presented in bold with other sequences aligned to show homology.  TGLN R.n: transgelin from R. norvegicus.
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sequences identified at the level of POSVP21 are also 
present at the level of the transgelin peptide sequence 
that covers 62% of the transgelin protein sequence, 
which accounts for two-thirds of the total sequence of 
transgelin.

Transgelin is characterized by the presence of a 
calponin domain or a CH domain (calponin homology 
domain), which constitutes the actin-binding domain 
and includes approximately 100 amino acids.

The presence of the calponin domain in the peptide 
sequence of POSVP21 (between AA24 and AA139) 
suggests that this protein also exhibits actin-binding 
activity.  Indeed, among the sequences identified in 
POSVP21, nine match the calponin domain of R. nor-
vegicus transgelin.  Calponin and transgelin are known 
to be expressed in a synchronous way during the cellu-
lar differentiation of smooth muscle [23].  The sequence 
analysis of purified transgelin gives a single amino-acid 
sequence (KGPSYGMSREV), with a starting signal of 
6 pmol.  This sequence seems to be unique [24].  

In a previous study [16], translation of whole 
RNA from seminal vesicles revealed one major band 
of 21 kDa with the same molecular weight.  POSVP21 
mRNA produced the same product (at 21 kDa).  This 
result indicates that the signal peptide involved in the 
secretion or transport of this protein has a low molecu-
lar weight or does not exist, as shown in mouse MVDP 
[25].  These observations raise the question of the man-
ner in which POSVP21 is exported from the epithelial 
cells to the luminal fluid of seminal vesicles.  We hy-
pothesize that POSVP21 must be secreted via an apo-
crine secretion mode, as demonstrated with MVDP [23].

R. norvegicus transgelin shows 96% homology with 
the human transgelin peptide sequence; however, the 
amino acids that distinguish it from human transgelin 
(AA7, AA35, AA36, AA37 and AA 165) are well pre-
served in the POSVP21 peptide sequence.  The sequence 
of POSVP21 seems identical to both the R. norvegicus 
transgelin and to the human transgelin.

After characterizing and identifying POSVP21, we 
showed the existence of an immunological parenthood 
between POSVP21 and two epididymal proteins, P21Ep 
and P21Ed, of identical apparent molecular weight.  Simi-
lar to POSVP21, these proteins are also present in the 
epithelium and in the ECM of the epididymides.  The 
existence of an immunological parenthood between 
P21Ep, P21Ed and POSVP21 suggests that the proteins P21Ep 
and P21Ed are identical or similar to the protein POSVP21.

POSVP21 could thus have two distinct sites of syn-

thesis, one vesicular and one epididymal.  The degree of 
this immunological parenthood was determined when 
we identified and analyzed P21Ep and P21Ed peptide se-
quences.  The sequence of these peptides also showed, 
as it did for POSVP21, sequence homology with the R.  
norvegicus transgelin (P21Ep: 41%) and (P21Ed: 48%).  
Therefore, the three 21-kDa proteins found in the 
seminal vesicle (POSVP21) and in the epididymis (P21Ep 
and P21Ed) of P. obesus are related to R. norvegicus 
transgelin.

Transgelin was identified for the first time in 1987 
at the level of the smooth muscular cells in the chicken 
gizzard [26].  It is a 22-kDa protein, known as smooth 
muscle protein 22 (SM22) [27].

In humans, the transgelin gene was identified and 
localized at the level of chromosome 11q23.2 [28].  Its 
expression during embryogenesis constitutes one of the 
early specific markers of the differentiation of smooth 
muscular cells [26, 29, 30].

The peptide sequence of SM22α was identified in 
several mammal species; in mice, this sequence consists 
of 204 amino acids.  Its identity sequence is 98%, 97% 
and 84% similar to the transgelin peptide sequences of 
rats, humans and chickens, respectively [29].

SM22α is thought to have a role in contractility, 
probably by helping organize actin filaments [31].  
Transgelin is present only in the smooth muscle cells 
of many vertebrate adults.  It belongs to the family of 
proteins that bind actin and is involved in its polymeri-
zation [29].

Recent studies have shown that the transgelin we 
have identified in smooth muscles and blood vessels is 
also found in the fibroblasts and in some epithelia such 
as the intestinal epithelium, the epithelium of the mam-
mary channel [32], the glomerular epithelium [33] and 
the prostate epithelium [34].

These data support our conclusion because with 
P.  obesus we found transgelin in the epithelium, both in 
the seminal vesicle and at the level of the epididymis.

Because we have found transgelin and localized 
this protein to the epithelium and to the secretion of 
sand rat seminal vesicles, we suggest that there is a pas-
sage through an external medium that, we believe, 
is involved in the organization of the epithelial cell 
cytoskeleton.  This allows it to maintain the structure 
and the contractile state of the seminal vesicle.

The specific proteins that we found in the secretions 
of the seminal vesicles constitute the essential compo-
nents of the seminal plasma and are involved in com-
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plex processes such as the coagulation and liquefaction 
of seminal plasma [35–37], the formation of a protein 
layer around spermatozoa leading to some modifica-
tions at the level of their thin structure and mobility [38], 
and the immunosuppressant effect of seminal plasma 
[39].

Apart from their role in the male genital tract, the 
secretions of seminal vesicles have a role in the female 
genital tract, where they mediate stimulation of the mo-
tility of smooth muscles [40].

With P. obesus, the 21-kDa proteins constitute one 
major component of the genital female tract coagulum 
[15].  The importance of coagulum proteins in the 
progression of spermatozoa along the female genital 
tract was shown by Cukierski [41]; these proteins also 
have a role in the stability of spermatozoa chromatin 
[42].  In the coagulum, the absence of the 21-kDa pro-
tein (transgelin) may have an impact on the motility of 
smooth muscle in the female genital tract, as well as 
on the mobility of spermatozoa and consequently on 
fecundity.

5    Conclusion

During the breeding season, P. obesus seminal 
vesicles produce an androgen-dependent protein with 
an apparent molecular weight of 21 kDa (POSVP21).

POSVP21 could have two distinct sites of synthesis, 
one vesicular and one epididymal.  A hypothetical 
function for POSVP21 is discussed in terms of the 
homology between this protein and R. norvegicus 
transgelin.

Further studies on the functional role of POSVP21, 
P21EP and P21Ed would provide a possible relationship 
between these three proteins and P.  obesus fertility.  
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