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Abstract

CatSper
CatSper (1-4) ion channel 

subunit genes, causes sperm cell hyperactivation and male fertility. In this study, we have 
explored targeting of the extracellular loop as an approach for the generation of antibod-
ies with the potential ability to block the ion channel and applicable method to the next 
generation of non-hormonal contraceptive.

 In this experimental study, a small extracellular fragment of Cat-

Sper1 channel was cloned in pET-32a and pEGFP-N1 plasmids.  Then, subsequent meth-
ods were performed to evaluate production of antibody: 1) pEGFP-N1/CatSper was used 

pET-32a/CatSper

was used as an antigen in an enzyme-linked immunosorbent assay (ELISA) and western- 
blot, and 3) The serum of Balb/-c mice was used as an antibody in ELISA and western-
blot. The statistical analysis was performed using the Mann Whitney test.  

 The results showed that vaccination of the experimental group with DNA 
vaccine caused to produce antibody with (p< 0.05) unlike the control group. This an-
tibody extracted from Balb/c serum could recognize the antigen, and it may be used 
potentially as a male contraception to prevent sperm motility.

CatSpers are the promising targets to develop male contraceptive because 

have been reported in the literature to date. As results showed, this antibody can be used in 
male for blocking CatSper channel and it has the potential ability to use as a contraceptive.
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Introduction

Study of ion channels in biology has a special 

control the membrane potential and intracellular 

them to play an important role in cellular process-
es that control the excitability of the motor, such as 
stimulus-secretion coupling, regulation of cell vol-
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ume and electrolyte transport epithelium. The im-
portance of calcium ions in many functions, such 
as movement of the sperm and acrosome reaction 

been cloned and expressed, the molecular nature 
of ion channels and ion transport mechanisms in-

The search for Ca  channels residing in sperm 
-

tion of a novel gene, called CatSper. CatSper
codes a Ca

-

of CatSper is not only developmentally regulated, 

CatSper1 and 
CatSper2 are voltage-gated ion channels with pu-

-

gene targeting have revealed that both mentioned-
 current 

which is essential for normal sperm motility and 
male fertility (7). Ren et al., 2001, has described 

hyperactivation based on the function of a group 
of the four novel proteins located on transmem-
brane of the calcium channels, namely CatSper
(7). Furthermore, the other studies on primates and 
rodents have indicated the important physiological 

-
ence of CatSper1 in sperm competition (11, 12).

there is an urgent need to control the growth rate. 
So, many efforts have been formed to develop safe, 
effective and reversible male contraceptive. In the 
last decades, various approaches have been used to 
develop hormonal and non-hormonal contraceptive 

-
nal male contraceptive are as follows: I. Reversible 

-
dines which affects the germ-cell adhesion (17), III. 
Gossypol which affects the leydig-cell steroidogene-

(20). Among these, the ion channel has become a 
very interesting subject for the researchers because it 
is considered to be as a target to design anti-fertility 

drugs to prevent pregnancy.  According to the previ-
ous researches, some channels are exclusively ex-

leads to infertility with no adverb effects.  Recently, 
inhibition of sperm motility as a favorable target in 
development of male contraceptive has been inves-
tigated by the different pharmaceutical companies 
(21). The main mechanism of male contraceptive is 
that the sperm becomes "hyperactive" prior to fer-

(22). Inhibition of sperm motility, hyperactivation, 
-

tion. An appropriate drug targeting the motility or 
hyperactivation of sperm is expected to separate 

although, it would not necessarily pass the "blood-
testes" barrier. Furthermore, a sperm motility inhib-
itor may show a very rapid onset of action and acts 
as a contraceptive immediately before intercourse.

based on CatSper
In the present study, we have cloned a small segment 
of CatSper gene that codes for extracellular domain 

 channels. This segment was cloned in 
two different expression vector, one of them is a eu-

 pEGFP-N1 containing the human cy-

expression vector pET-32a, was used for expression 
of this segment in E. coli BL

21
. Then, the production 

of antibody was evaluated by immune-blotting.

Materials and Methods

For this experimental study,we used the following re-
agents

(BamHI and HindIII)

pET-32a

-
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-

anti mouse IgG conjugated to horseradish peroxidase 

pEGFP-N1 plasmid 
-

script were repeated at least three times. Also, they are 
considered to be the typical experimental data. 

Designing synthetic oligos (the minigene)

S1 and S2) in the Ca
Since the minigene of interest was too short to be 

two sets of oligo-nucleotides were designed to be 
inserted into two plasmids. Regarding the multiple 
cloning sites on pET-32a, two sets of oligo P1 and 
P2 without ATG codon were designed containing 

BamHI and HindIII
pEGFP-N1 plasmid, an-

other two sets of oligos, P3 and P4

-
tain HindIII and BamHI

Germany) provided these synthetic 

Plasmid ligation strategy 

After annealing oligos with gradient thermal pro-
grams, the cut site for BamHI and HindIII were 
constructed. Afterwards, these oligos were insert-
ed into the BamHI-HindIII restriction sites of the 
digested pET-32a pEGFP-N1 to achieve 
highly-expression plasmid vectors, then the ligated 
mixtures were transformed into the competent cells 
of Escherichia coli

Table 1: The sequences of oligo were used for cloning in prokaryotic and eukaryotic plasmids

SequenceSynthetic oligos for prokaryotic vector

GATCC TTC ACT GAG CTA GAG ATC CGA GGT GAA TGG-

TACTTCTAG A

P1 (forward) containing the BamHI

AGCTTCTAGAAGTA CCA TTC ACC TCG GAT CTC TAG 

CTCAGTGAA G

P2 (reverse) containing HindIII 

GATCC TTC ACT GAG CTA GAG ATC CGA GGT GAA TGG-
TACTTCTAG A

G AAG TGA CTC GAT CTC TAG GCT CCA CTT ACC ATGAA-
GATCTTCGA

After annealing P1 and P2 oligo, the minigene is:

SequenceSynthetic oligos for eukaryotic vector

AGCTTACCATGGCA TTC ACT GAG CTA GAG ATC CGA GGT 
GAA TGG TACTTCGCG

P3 (forward) containing HindIII

GATCCGCGAAGTA CCA TTC ACC TCG GAT CTC TAG CTC 
AGTGAA TGG CATGGTA

P4 (reverse) containing BamHI

AGCTTACCATG GCA TTC ACT GAG CTA GAG ATC CGA GGT-
GAA TGG TACTTCGCG

ATGGTAC CGT AAG TGA CTC GAT CTC TAG GCT CCA CT-
TACC ATGAAGCGCCTAG

After annealing P3 and P4 oligo, the minigene is:

The sequence of restriction enzyme is underlined, and kozak sequence introduced in eukaryotic plasmid is italicized. 
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Sequencing

pET-32a
-

primer; whereas, pEGFP-N1 vector containing 
-

EGFP-N -
ing primer.

Obtaining the cell containing the GFP plasmid

-
tion procedure was performed by Lipofectami-
ne

2

Animal vaccination 

-
-

tained under the standard conditions with 
free access to water and rodent laboratory 
food. Then, they were divided into the three 
groups: 1. The experimental group includ-

pEGFP-
N1/CatSper) diluted in phosphate buffer sa-

.

empty vector (pEGFP-N1). The vaccina-
tion was applied subcutaneously three times 

the final injection, the serum was obtained 

pre-immune serum sample was used as the 
-

a similar immune response was expected 
to occur. In this study, the variations of the 

due to use a set of at 
least five mice in each group. All the plas-

purified with an endotoxin-free plasmid mega 

of the recombinant CatSper peptide 

In order to express and to purify the re-
combinant CatSper peptide (between S1 and 
S2), a segment was cloned in pET-32a. The 
thioredoxin/CatSper fusion protein was ex-
pressed in Escherichia coli 

Ampicilin with a fresh bacteri-
al colony harboring the expression plasmid 

with 
200 mL of  the medium was incubated 

 reached 

-

find the appropriate condition of the expres-

mixture in the serial dilution steps, so the 
minimum and maximum concentration of 

-
ture was incubated at the different tempera-

the protein expression was the above-men-
tioned procedure. The cells were harvested 

The cell pellet was resuspended in a lysis 

-

protein was performed with the Ni-NTA spin 

, Venlo, Netherlands). 



CELL JOURNAL(Yakhteh), Vol 14, No 3, Autumn 2012 219

Nazari et al.

Electrophoresis and western blotting

Trx/CatSper
sodium dodecyl sulfate-polyacrylamide gel 

then transferred to nitrocellulose membrane us-

-
-

 during 
overnight. After three times of washing with 

peroxidase (1:1000) was added for 1 hour our at 
room temperature, finally it was incubated with 

-1

minutes.

Enzyme-linked immunosorbent assay for Cat-
Sper fragment

-

-
-

combinant Trx/CatSper

-

were drained and washed three times with 
0.1 mol L-1

series of each serum sample was applied to 

-
line phosphatase conjugated goat anti-mouse 

above and the bound of phosphatase activity 

Ameresco, Canada). Finally, the plates were 
incubated at room temperature for 10 minutes 

Statistical analysis

-

ror. Statistical analysis was performed using 

-
-

ware.

Results

Cloning the minigene of interest

As the Topology diagram of CatSper shown 
in the figure 1, the construction process was 
completed. The figure 2 demonstrates the 
schematic map of the cloning process. pET-
32a and pEGFP-N1 were digested by BamHI
and HindIII

cloned into these vectors, respectively. In the 
successfully constructed vectors of pET-32a/
CatSper and pEGFP-N1/CatSper, the BamHI
and HindIII sites were impossible to get more 

SalI,
was selected to demonstrate the recombinant 
plasmids containing the minigene of interest. 

-

confirmation of the accuracy.

Fig 1: Topology diagram of CatSper based on the study of 
Ren et al. (7, 8). A unique Ca2+ channel is expressed exclu-
sively in the testis. The arrow shows the situation of small 
segment, which was designed and cloned in this study (this 

software (maya)). 
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Fig 2: Schematic diagrams of construction the fusion vectors. (a) Digestion pET-32a by BamHI and HindIII. (b) Ligation of 
pET-32a vector with insertion of CatSper fragment (c) Digestion pEGFP-N1 by BamHI and HindIII. (d) Ligation of pEGFP-N1 
vector with synthetic oligo. (e) Construction of fusion vector.

Fig 3: The synthetic of oligonucleotide gene resolved on 12% poly acryl amide gel electrophoresis (Lane 1: synthetic oligo of 
45 bp and lane 2: synthetic oligo of 53 bp) (A). Plasmid mini preparation, double digestion with BamHI and HindIII (Lane 1: 

A B C

Expression of mini gene in mammalian cell

To understand whether the minigene is ex-

was transfected with pEGFP-N1+CatSper, and 

pEGFP-N1 are located at the 
(PCMV IE) and the EGFP

-

pEGFP-N1
plasmid which is in the same reading frame as 
EGFP and there are no intervening stop codons, 
it was expressed as fusions to the N-terminus 
of EGFP. The process of the EGFP mRNA 

SV40 polyadenylation 
signals located downstream of the EGFP gene. 
An ideal vector has to contain an SV40 in order 
to replicate in mammalian cells expressing the 
SV40 T antigen.
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Fig 4: Showing the EGFP expressed from pEGFP-
N1/CatSper in CHO cells (×40). The cells (1.5×105) in 
a 6-well tray were transiently transfected with 5 µg of 
pEGFP-N1/CatSper. The cells were observed under a 
fluorescent microscope (Olympus, CK-2, Tokyo, Japan) 
without fluorescent excitation in A and with blue filter in 
B after 48 hours (Images were taken with a ×40 objec-
tive lens). 

A

B

-
gene, pET-32a/CatSper was expressed in the 
BL21 (DE3)
fusion protein was also performed by affin-
ity (Ni-NTA-Sepharose) chromatography. Trx/
CatSper fusion protein was used as antigen in 
Elisa and western-blot analysis. The recombi-

His6 tag from pET-32a with Ni-NTA Sepharose (lane 1). 

of the experimental group as the positive control (lane 2), 

of the control group as the negative control (lane 3), and 

6
 tags with-

out synthetic oligo with the serum of the placebo group as 
the second negative control (lane 4) (Marker size 45, 35, 25, 
18, and 14 KD). 

Immunoblotting

against the interested minigene, the immuno-
blotting test was done involving mouse IgG 
conjugated to horseradish peroxidase. After 

expected, there was no bond detected on the 
nitrocellulose paper for the negative controls 
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protein of the mouse IgG conjugated directly 
-

ful transfer of immunoglobulins to nitrocellu-

from infected mice provided the antigenicity 
of pEGFP-N1+CatSper.

Humoral response

resulted in the development of high titers of 

applying ELISA with the recombinant Trx/Cat-
Sper protein.

Fig 6: A graphical illustration of the production of antibody 
against CatSper1 fragment in this study. 

The IgG antibody titer was higher in the sera 

(experimental group) than in the sera of mice 

between the three groups, experimental and 
control groups, and control and placebo groups, 
respectively (Fig 7).

O
D

-
lowing intradermal administration of pEGPN1, pEGFP/N1/
CatSper and PBS. Each group is comprised of 5-8 mice. The 
results are expressed as mean ± SD.

Discussion

There are several ion channels in a sperm, but 
most of the recent studied were about the chan-

coating of the egg (27). The study of Clapham et 
al. has explained that a novel calcium-selective 
ion channel, named CatSper, plays an important 

CatSpers,
many laboratories have applied the multi-tissue 
northern blot analysis to investigate the gene ex-
pression of each member of the CatSper family. 
They have found that CatSper
were expressed exclusively in human and mouse 
testis (27-29) Other investigations used the an-

CatSper
CatSper
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-

There are several promising non-hormonal con-

-

CatSper1, which represents 
-

tein with six transmembrane segments (7). As it 
is a characteristic for voltage-gated channels, the 
fourth transmembrane segment of CatSper1 con-
tains positively charged amino acids interspersed 

 increase in CatSper1-/- sperms, but 
not in CatSper1

In this study, the antigenicity of peptides frag-
ment from a CatSper protein were investigated 
with bioinformatics servers, then based on the sol-
vent accessible regions including both hydropho-
bic and hydrophilic residues, the solvent acces-
sible segment between S1-S2 with no homology 
with other Ca  dependent channel was selected. 
After cloning and expression of this fragment into 

(pEGFP-N1/CatSper
pET-

32a/CatSper) was used as an antigen in immuno-
blotting. The obtained results have shown that this 

-

for contraception as it can prevent sperm motility. 
These results are consistent with the study by liu et 

-
changer channel. Their data showed that IgA in the 

the other hand, the ELISA assay showed that the 

of inducing a high titer of the antibodies, which 
may be as a result of both humoral and mucosal 

showed a correlation with the report of liu et al.  In 
fact, the production of antibody against voltage-
dependent channels interferes with the sperm mo-

tility. It might be a new avenue to explore for a 
new generation of contraceptive drugs in the fu-

-

Conclusion

-

plasma membrane and the regulation of hyperac-

there are many opportunities for contraceptive in-

CatSper
highly restricted to the male germ line and gener-
ate an infertility phenotype when the correspond-
ing gene is subjected to functional deletion. In this 

CatSper
channel from action, the sperm will no longer be 

of inhibiting sperm motility and possibly use as 
contraceptives in men or women.
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