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ABSTRACT
Background: The cationic channel of sperm is a small family of ion channels, named after the first
putative cation channel of sperm (CatSper). It is a sperm-specific, pH-sensitive, voltage-gated
calcium channel, Ca2+selective and located in the principal piece of the flagellum. CatSper 1 gene is
located on chromosome 11q13.1 and is involved in sperm motility and hyperactivation (HA). We
designed our study with an aim to investigate the CatSper 1 gene mutation in infertile men and
correlated it with clinico-pathological findings.
Materials and methods: We performed mutational analysis of the CatSper 1 gene in 100 infertile
men and 100 healthy controls. To screen mutations in CatSper 1 gene, we performed PCR followed
by Single Stranded Conformational Polymorphism (SSCP). Samples showing shifts in bands were
direct DNA sequenced.
Results: On analysis of mutational screening of CatSper 1 gene, we found one silent mutation in
exon 2 in 10 asthenozoospermic males due to a single nucleotide change (CGG → AGG) at codon
457. This is a silent mutation as there is no alteration in amino acid sequence. In addition, at exon 5,
change in nucleotide from CAG → CAT inferred change of amino acid from glutamine to histidine
at codon 624 (Gln624His) in three asthenozoospermic males. This is a missense mutation.
Conclusions: On analysis of mutational screening of CatSper 1 gene, at exon 2 and 5 there was a
silent and missense mutation respectively. In case of change of amino acid from glutamine to
histidine (Gln624His) both the amino acids are polar and positively charged. However histidine is
aromatic due to which there might be changes in structural conformation of protein product formed.
All the mutations were found in different cases. It is important to note that these predictions have
been made on the basis of the identified DNA alterations at the genomic level and that additional
studies are required for confirmation at the transcriptional or translational level.

Copyright © Hena Naqvi et al., 2016, this is an open-access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the original work is
properly cited.

INTRODUCTION
The cationic channel of sperm (CatSper) belongs to a petite
family of ion channels. CatSper channels (CatSper1, 2, 3 & 4)
are named after the first putative cation channel of sperm (1; 2).
It is a sperm-specific (1), Ca2+ selective (2), pH-sensitive (3),
voltage-gated calcium channel (1), which is located in the
principal piece of the flagellum (2; 4; 5). It is an evident fact
that CatSper is analogous to other voltage-gated calcium
channels as in the absence of divalent cations. CatSper can also
conduct monovalent cations like sodium (Na+) and caesium

(Cs+); yet, the affinity of CatSper to divalent cations especially
Ca2+ is much higher (6). Additionally possible activation of
CatSper channels occurs only in the presence of agonists or
physiological stimuli whereas under normal physiological
conditions CatSper channels remain active at a nominal level
only when sperm membrane potential and intracellular pH stay
poised (3). Female steroid hormone progesterone galvanizes
the activity of CatSper in human (but not mouse) sperm cells
(7; 8). This fact was further supported by the study in which
men whose sperm-responsiveness towards progesterone was
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low, exhibited reduced natural (9; 10) and assisted reproduction
(11; 12) fertility
CatSper 1, gene is located on chromosome 11q13.1. The
importance of CatSper1 channel in sperm motility was first
ascertained in 2001[2] whereas its functional aspect as a
calcium transporter was confirmed later in 2006 [3].
Furthermore its association with human male fertility was also
revealed in two consanguineous Iranian families [13]. Despite
the fact that ample of progress has been made in context to the
physiological function of CatSper in mouse sperm functions,
the scenario regarding human spermatozoa is still not clear.
Basically in mice, disrupting genomic sequence of any one of
the four CatSper channels (CatSper1/2/3/4) leads to infertility
due to impaired sperm motility and failure of attaining HA (2;
14; 15). In addition to this, preliminary findings in CatSper-null
mice condemned any participation of CatSper in the tyrosine
phosphorylation escalation during sperm capacitation (Carlson
et al., 2003; Quill et al., 2003); a recent report by Chung et al.,
2014 (16) verified a strong contribution of CatSper channel in
the tyrosine phosphorylation escalation during sperm
capacitation. The function of CatSper in HA is debatable in
human spermatozoa as in in-vitro study, no elevations in HA
parameters were recorded in all samples when channel was
stimulated either by elevating pHi or with progesterone
hormone (17,18; 5). Similarly in in-vitro studies performed by
incubating channels with available CatSper inhibitors;
inconsistent results were obtained (19, 20,5).

Another study reported degradation or mislocalization of
CatSper channel in non-motile mouse spermatozoa (16).
Furthermore, a study demonstrated that a higher percentage of
spermatozoa express CatSper1 after swim-up selection and that
a positive correlation exists between CatSper1 protein
expression, evaluated by western blot analysis, and the
percentage of progressive motility, whilst this inference was
obtained in a small number of subjects (5). Overall these
studies imply that low, absent or mislocalized CatSper
expression in spermatozoa may be involved in a reduced ability
to initiate the calcium signalling cascade.
In view of the vital role of CatSper in human sperm functions,
we examined any correlation between male infertility and
CatSper 1 gene in north Indian population. To accomplish this,
we screened different exonic regions of the CatSper 1 gene.

MATERIALS AND METHODS
Semen collection and preparation
Semen samples were obtained according to World Health
Organization (WHO) criteria (21) from a total of 100
consecutive patients undergoing routine semen analysis for
couple infertility, in the Department of Obstetrics and
Gynaecology, KGMU, Lucknow and Department of
Gynaecology, ELMC&H, Lucknow, after obtaining patient’s
written informed consent to allow use of the remaining semen
after completion of the analysis for research purposes.

Table 1 List of primers of CatSper 1 gene.
Forward Primer
CT-1, Ex-1A F:
5' CCT TTT CTT GAC CTC GGT TTC CTC 3'
CT-1, Ex-1B F:
5' TCC CAT GTC CAC CAA TCT CAC CAC 3'
CT-1, Ex-1C F:
5' CCA CCT TAG CGG GCT CCA ACA C 3'
CT-1, Ex-2 F:
5' CCA GCA AGC AGG CAG GAG TGA C 3'
CT-1, Ex-3&4 F:
5' GCC GGG GAG AGC CTG GGA ATC 3'
CT-1, Ex-5&6 F:
5' TCA CCC AAG TCA CCA ACA AGT CAG 3'
CT-1, Ex-7&8&9 F:
5' GCT CAG TGA CCC CAT CGG CAA AG 3'
CT-1, Ex-10 F:
5' TCG TGC TGC ATG CCC GGA GAA G 3'
CT-1, Ex-11&12 F:
5' TGG GGA GGA GGC AGG CAA GAA G 3'

Reverse Primer
CT-1, Ex-1A R:
5' ACG TTG GAG CTC ATC ATG GTA GTC 3'
CT-1, Ex-1B R:
5' GCC GGT GGG TCT GGT GGT AGT G 3'
CT-1, Ex-1C R:
5' TGC GGG GCC GAG ATC AGG T 3'
CT-1, Ex-2 R:
5' GCC ATC TAC TTC CCA GGG GTG AG 3'
CT-1, Ex-3&4 R:
5' CCT GCG CCC CCA TCC CTT GAG 3'
CT-1, Ex-5&6 R:
5'CGA CCT GCT CCC TTC CCA TAC 3'
CT-1, Ex-7&8&9 R:
5' TGT GGA AGG AGG TTA GGG GGA TGG 3'
CT-1, Ex-10 R:
5' TGC ACC CAC AGG CTC ATC CAC AAG 3'
CT-1, Ex-11&12 R:
5' CGC TGG TAG GGC TGG AGG GGA TC 3'

Table 2 PCR programs of different exons of CatSper 1 gene.
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The Institutional Review Board and Ethics Committee of
KGMU, Lucknow, approved this study. Semen parameters
were assessed by optical microscopy and samples were divided
into two groups: Asthenozoospermia (n = 50),
Normozoospermia (n = 50), on the basis of progressive (a + b)
sperm motility, 32% and viability 58%, as the fifth centile of
reference values of WHO (21). Asthenozoospermic men
showed a reduced motility, a lower sperm concentration and
total number per ejaculate and worse sperm morphology than
normozoospermic men. The control group comprised of agematched healthy men who had previously initiated at least one
pregnancy and exhibited a normal semen profile defined as in
by WHO (21).
Sperm preparation and Isolation of DNA
Semen samples were collected in an autoclaved container in
aseptic conditions. To rule out the possibility of contamination
by residual cells in the samples used for the study, the
spermatozoa was individually purified by two sequential
centrifugations (20 min at 300g, 250C) through 45:90
discontinuous gradients of Percoll (Ostermeier et. al. 2002).
The 90% fraction of the second centrifugation through the
Percoll gradient was pooled for DNA extraction. The majority
of sperms were isolated in the sediment. The sediment was
collected and washed with 1X PBS. Genomic DNA extraction
for molecular genetic studies was performed using a
commercially available Semen extraction kit (Bangalore Genei,
India) and was stored at -20°C. DNA concentration was
measured with a Nanodrop ND-100 Spectrophotometer
(Thermo Fisher Scientific Inc., Wilmington, DE).
Genomic DNA PCR Amplification

hours. After electrophoresis, the gel was stained with silver
stain.
Samples showing abnormal SSCP profiles compared with the
sample obtained from the normal individual were further
purified and sent for sequencing (Figure 1).
Analysis of Sequencing
Samples showing altered position on SSCP gels were purified
followed by automated sequencing for confirmation of
mutation. The PCR product of each sample was first purified
and then submitted in 25 µl reaction volume with 10 picomoles
of appropriate primer. The sequencing was performed by
automated direct DNA sequencing technique, which
incorporates fluorescently labelled di-deoxy-nucleotides during
cycle sequencing and separates the resulting products by
capillary electrophoresis for detection on an ABI 3730XL DNA
Analyser (Applied Biosystems, USA). Multiple alignment and
sequence analysis were done using BLAST (Basic Local
Alignment Search Tool), BioEdit and FinchTV. Mutations
were reconfirmed by sequencing amplicons in both directions
and in independent second samples.

RESULTS
Our study included 100 infertile male cases and 100 normal
fertile male controls. The mean age of onset for infertile male
cases and normal fertile male controls was 35.5 ± 1.30. The
amplified products were detected by SSCP- PAGE for
detection of shift variations/ mutations.
SSCP analysis

Primers for CatSper 1 gene were designed using software. PCR
was performed in a gradient thermocycler (ABI, USA) using
thin walled 0.2ml PCR tubes. The final volume of PCR
reaction mixture was 25l containing 10-40ng genomic DNA,
1 picomole each of forward and reverse primers, 2X PCR
master mix (ABI, USA)
at concentration of 1X in final
reaction volume. Amplification was carried out using different
primer (Table 1) set for different exons and different PCR
programs (Table 2) for different exonic regions of CatSper 1
gene. 1l of amplified product was examined by
electrophoresis on 2% agarose gel, stained with ethidium
bromide.

100 amplified products were detected by SSCP- PAGE for
detection of shift variations/ mutations. Shifts were found in 35
samples of asthenozoospermia.

Single- Stranded Conformational Polymorphism (SSCP)

In exon 5 we found one missense mutation in 3
Asthenozoospermic males due to a single nucleotide change
(CAG → CAT) as well as change of amino acid from
glutamine to histidine at codon 624 (Figure 3).

Amplified PCR products of different exons were further
analysed for shifts by SSCP method according to protocol
developed by (22). For this purpose 10% polyacrylamide gel
was prepared and poured into pre-prepared gel cassette (18 x
16 cm and 1 mm spacers), properly sealed with agarose. The
gel was allowed to polymerize for about 15 minutes and then
20 minutes pre-run was given. Electrophoresis was carried out
on a Bangalore Genei Mini gel electrophoresis system. Prior to
loading, the samples were denatured at 94°C for 5 minutes and
then snap-cooled. Generally 10µl of PCR products were mixed
with 10µl of formamide dye and loaded in each well. Loading
should be done in the ratio of 1:1 (Dye: PCR Product). The gel
was run in 1X TBE (Tris Borate EDTA) buffer that was precooled at 4°C. The gel tank was placed in a cold room. The
voltage was set to 200 Volt and the gel was run for about 9

Genomic Analysis
We evaluated different exonic regions of CatSper1 gene by
sequencing. The sequencing chromatogram showed a change in
nucleotide in exon 2 and exon 5.
In exon 2 we found one silent mutation in 10
Asthenozoospermic males due to a single nucleotide change
(CGG → AGG) but no change of amino acid at codon 457
(Figure 2).

DISCUSSION
CatSper, a highly conserved region in humans and mice is a
family of four sperm specific voltage-gated cation channels
[13,14]. Its vital role in fertilization activities in mouse sperm is
well defined (2; 23). In our study we found one silent mutation
in exon 2 of CatSper1 gene in 10 asthenozoospermic males.
There was change in nucleotide from CGG → AGG at codon
457 but there was no alteration in amino acid. However,
mutation in exon 5 in three asthenozoospermic males, change
in nucleotide from CAG → CAT results in change of amino
acid from glutamine to histidine at codon 624 (Gln624His)
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resulting in a missense mutation. Both the amino acids are
polar and positively charged. However histidine is aromatic
amino acid due to which there might be changes in structural
conformation of protein product formed. All the mutations
were found in different cases. It is essential to annotate that
these predictions have been made on the basis of the identified
DNA alterations at the genomic level and that further studies
are entailed for confirmation at the transcriptional or
translational level.
In human the importance of CatSper in sperm motility is still
confounding. Studies reveal that knockout genes result in lack
of expression of the channel in the mature sperm and also in
acquiring of HA (24; 14). In a study, male patient showing
sperm defects and a relegated fertility during routine semen
analysis was categorised as asthenozoospermic. The defects
included low sperm count, increase in abnormal spermatozoa
morphology, reduced sperm motility and a reduction in semen
volume. On further evaluation at genomic level, insertion
mutations in CatSper 1 was detected. (13). Secondly
consequences of mutations of CatSper1 gene is a truncated
protein reported in two different families in the population (25;
13) but its association with sperm motility in these subjects is
ill-defined (26, 27). In contrast to this, a recent study using the
patch clamp technique has documented the absence of CatSper
currents in sperm from a man carrying CatSper1 mutations
(26). Thus relationship between CatSper mutations and
asthenozoospermia is still mystifying. A recent study by
Tamburino et al 2015(28) depicts that the sperm derived from
asthenozoospermic men express average levels of CatSper 1
protein and the levels are highly correlated with the progressive
motility of the semen samples. This indicates a link between
expression and function of CatSper channels and motility of
spermatozoa, further proposing an association of these channels
in the pathogenesis of asthenozoospermia(5, 29, 30, 31),
providing a possible elucidation for the reduced [Ca2+] ion
increase in response to Progesterone observed in
oligoasthenospermic subjects (10). Overall, these results
specify that during spermatogenensis, any variations in CatSper
genes or its protein regulation will result in different levels of
expression of the functional channel in mature sperm and
subsequent modifications in their motility.
Likewise heterozygous mutations of CatSper 1-4 genes
reported in (6 out of 30) asthenozoospermic males (which have
not been found in normozoospermic men) (32) propose that
variations in expression or function of channel may also be due
to mutations.
Furthermore, it has recently been shown that CatSper domains
were not kerbed to the principal piece of the sperm tail in the
non-motile mouse spermatozoa. These domains were also
disintegrated.
(16).Tamburrino et al., 2015(28) examined CatSper1
localization
in
sperms
obtained
from
asthenozoospermic and normozoospermic men and
found that although CatSper1 was mostly expressed in
the principal piece, non-canonical localization of the
protein was also observed and this was higher in
asthenozoospermic men. This result indicates that,
besides a lower percentage of sperm cells expressing

CatSper1, patients with low sperm motility may also
display a non-functional localization.
Overall all these studies entirely support our findings. Although
CatSper genes are present autosomally, they act as a
polymodal, chemosensory calcium channel and play a vital role
in the regulation of sperm hyperactivation. It seems that Ca2+
influx via CatSper and release of intracellular Ca2+ stores
interact in a complex manner to make fertilization possible. A
specific mutation in CatSper gene could be used as a male
infertility marker but till date only arbitrary mutation findings
have restricted our conclusion though its role in sperm function
has been clearly defined.
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