Life Sciences 218 (2019) 81-88

Contents lists available at ScienceDirect

Life Sciences

journal homepage: www.elsevier.com/locate/lifescie

Proteomic analyses reveal lower expression of TEX40 and ATP6V0OA2 R

Check for

proteins related to calcium ion entry and acrosomal acidification in
asthenozoospermic males

Ashima Sinha™, Virendra Singh”, Sarman Singh“®, Savita Yadav™*

2 Department of Biophysics, All India Institute of Medical Sciences, New Delhi 110029, India

Y School of Life Sciences, Jawaharlal Nehru University, New Delhi 110067, India

© Department of Laboratory Medicine, Division of Clinical Microbiology & Molecular Medicine, All India Institute of Medical Sciences, New Delhi 110029, India
d Department of Biochemistry, Sir Ganga Ram Hospital, New Delhi 110060, India

€ All India Institute of Medical Sciences, Bhopal, Madhya Pradesh 462020, India

ARTICLE INFO ABSTRACT

Keywords: Aims: Idiopathic nature of male infertility disorder needs to be investigated by different horizons of molecular
Male infertility biology for its treatment and to device male contraceptive. Further, it can also aid in advancement of assisted
Asthenozoospermia reproductive technology (ART), as nowadays the failure and disquiets of ART are consistent. Herein, we have
XFF);‘;?/OAZ attempted to find out proteins responsible for male infertility by comparing proteome profile of sperms collected

from normal control and asthenozoospermic (AS) males.

Main methods: Differential proteome profiles were studied by 2-dimensional differential gel electrophoresis (2D-
DIGE) and mass spectrometry. The confirmation of proteome profiling results was done by western blotting and
ELISA. Quantitative reverse-transcription-PCR was also performed in an independent cohort of AS and normal
individuals to investigate the transcriptional regulation of proteins.

Key findings: Although seven differentially regulated proteins were identified, highpoints of the study were two
proteins, TEX40 and ATP6VOA2. Lower expression of a crucial sperm motility related protein, TEX40 is reported
for the first time in clinically diagnosed AS males in the present investigation. Most likely with reference to
previous findings the down regulation of TEX40 leads to fewer entries of calcium ions in the sperm and lower
expression of ATP6VOA2 is responsible for acrosomal de-acidification.

Significance: Conclusively, the down regulation of these two proteins in AS males might result in diminished
sperm motility. The findings can be worthwhile for male contraception and ART management besides their use
for male infertility therapy.

1. Introduction

Male infertility is a state characterized by etiological ambiguity as
the information for its molecular basis is pretty limited. Accumulating
epidemiological evidences conclude that male infertility is associated
with nearly 40% of infertility cases [1]. Sperm quality especially in
terms of sperm motility forms the keystone to male fertility, and is the
major parameter of semen analysis for fertility determination [2]. Both
progressive motility of the sperm and their number remain to be ob-
ligatory preconditions for the successful fertility outcome being it nat-
ural or assisted [3]. Inadequate understanding of the precise molecular
events leading to reduced sperm motility has categorized AS as an
idiopathic syndrome.
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AS is the most predominant cause of male infertility, with a pre-
valence of about 81% [4,5]. A study conducted in South Indian popu-
lation accounted a decrease in sperm motility by 22.92% [6]. In another
retrospective analysis from Central India, asthenoteratozoospermia
(low sperm motility and abnormal shape) is found to be prevalent in
19.35% of cases [7]. Recently, declining trends of semen quality and
sperm functional parameters have been reviewed [8]. A modest ap-
proach to deduce the underlying causes of AS is the identification of the
proteins involved in the sperm motility, as sperm is both a tran-
scriptionally and translationally silent entity [9]. Several studies from
the literature quote sperm proteins (chaperons, cytoskeletal, energy
metabolism and structural) in AS condition [10-12]. Pertaining to the
low significance level in the reports due to lack of reproducibility of
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results, no concrete consent has been formed. Consequently, there is a
need to decode the role of proteins in sperm motility.

Proteomics holds the calibre of scrutinising thousands of proteins at
the same time, thus proving to be a proficient tool to unravel the reg-
ulatory mechanisms controlling sperm motility. Furthermore, the non-
invasive easy accessibility of the spermatozoa to purify in higher con-
centrations in both native and functional states has made it the material
of choice for proteomic analysis [9,13]. Albeit, the numerous reports, a
concrete model of the myriad mechanisms is beyond the scope.

Amongst the literature cited in support to the involvement of mul-
titude of proteins for sperm motility, is a group categorized as energy-
metabolism and signalling-transport related proteins. Herein, we did
comparative proteomic analysis between the AS males and normal in-
dividuals using 2 dimensional differential gel electrophoresis (2D-
DIGE) coupled with matrix assisted laser desorption/ionization time of
flight mass spectrometry (MALDI-TOF-MS) identification. Notable
findings of the study illustrated two distinct differentially expressed
proteins, viz., TEX40 and ATP6VOA2. TEX40 is promisingly related to
signalling and transport, and is a newly identified zeta ({) subunit of
Ca?™" channels (CatSper) [14]. Later is an ATP dependent proton pump
regulating the acidification of intracellular compartment and is thus
required for the normal spermatogenesis and maturation of sperm [15].
Furthermore, the aforementioned proteins were validated at protein
level by immunoassays (western blot and ELISA). To examine if the
alterations at the protein level are duplicated at the gene/mRNA level
quantitative reverse transcription-polymerase chain reaction (qRT-
PCR) was also performed.

2. Materials and methods
2.1. Subjects and sample collection

The study was approved from the Institute Ethics Committee (IEC/
NP-465/2013 RP-26/2013). Human semen samples from normal
(n=70) and AS individuals (n = 70) were collected from the
Department of Laboratory Medicine, All India Institute of Medical
Sciences (AIIMS), New Delhi after the written informed consent from
the donors (Table 1). After semen collection the samples were allowed
to liquefy at room temperature and within 1h of collection routine
analysis was performed to assess sperm parameters (number, motility,
volume), in accordance with the WHO, 2010 guidelines (<32% pro-
gressive sperm motility for AS and =40% progressive motility for
normal; > 20 million/ml sperm count for both) [16]. Exclusion criteria
included HIV positive samples and those diagnosed with other sexually
transmitted diseases. Also, samples contaminated with blood were
omitted from the study.

2.2. Sample preparation for proteomic analysis

Age matched samples were pooled from normal as well as AS group
to obtain desired protein amount for experiments. The pooled samples

Table 1
Clinical details of the AS patients and normal controls.
Mean * SD

Asthenozoospermia (AS) (n = 70)
Age (yrs) 30.01 + 4.43
Sperm count (X 10° sperm/ml) 87.59 + 22.17
Semen volume (ml) 4.02 = 0.93
Progressive motility (%) 10.63 = 5.56
Normal controls (n = 70)
Age (yrs) 29.97 + 3.84
Sperm count (X 10° sperm/ml) 94.08 + 31.64
Semen volume (ml) 3.78 + 1.01
Progressive motility (%) 67.25 + 5.55
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were centrifuged at 1300g for 15min at 4°C to separate the sperm
fraction from the seminal plasma. Pellet obtained was further processed
for 2D-DIGE experiments as described. Briefly, the sperm pellet ob-
tained was washed thrice with ice cold phosphate buffer saline (PBS)
pH 7.0 followed by centrifugation at 1300g for 5 min at 4 °C. Finally, the
total sperm pellet was solubilised in lysis buffer containing 2 M thiourea
and 7M urea, 4% w/v 3-[(3-cholamidopropyl)dimethylammonio]-1-
propanesulfonate (CHAPS) and protease inhibitor cocktail. Samples
were incubated in the lysis buffer for 1 h, followed by centrifugation at
5000g for 10 min at 4 °C to separate cell debris. The solubilised samples
were aliquoted and kept at — 20 °C till further use. Protein quantity was
assessed by Bradford method using BSA as standard and equal amounts
were used for 2D-DIGE experiments.

2.3. Cy dye labelling of proteins

Equal amounts of sperm protein (AS and normal) were labelled with
the respective Cy dyes for analytical gels. Labelling was done with Cy3,
Cy5 and Cy2 fluors (GE Healthcare) using minimal dye labelling
method according to manufacturer's protocol. Briefly, 50 ug of protein
each from AS and normal control was used for labelling with Cy3 and
Cy5 respectively. In case of minimal dyes a system bias at low spot
volumes is used to be observed owing to different fluorescence char-
acteristics of acrylamide at different wavelengths of excitation for Cy2,
Cy3 and Cy5 dyes. In order to minimize this, system bias dye swap
approach was employed by labelling normal controls with Cy3 and AS
with Cy5 in another experimental setup. An internal standard (50 pg)
consisting of equal amounts of samples from both groups was labelled
with Cy2 dye. Internal standard was used to normalize the protein
patterns across different gels thereby negating inter-gel variation.
Labelling was done at 4°C in dark for 45min and the reaction was
stopped by the addition of 1yl of 10 mM lysine for 10 min at 4°C in
dark.

2.4. Rehydration of the IPG strips and isoelectric focusing (IEF)

Immobiline Dry Strips pH 3-10 were rehydrated overnight in dark
with the Cy dye labelled protein samples. Analytical gels were run with
maximum protein concentration of 50 pg. The labelled samples of AS,
normal and internal standard were pooled altogether and the total
volume was adjusted to 250 pl with the rehydration buffer (8 M urea,
0.5% CHAPS, 0.2% DTT, 0.2% Pharmalyte pH 3-10). The rehydrated
pH strips were then isoelectrically focused in I[PGphorTM IEF System
(GE Healthcare Bio-Sciences) to a total of 50,000 V-h, using the stan-
dardized conditions as follows: 100V for 1h, 200V for 2h, 500V for
1h, 1000V for 2h, 2000V for 2h, 5000V for 3h, 6600V for 5 h.

2.5. Two dimensional gel electrophoresis

Followed by focusing, the pH strips were equilibrated into two in-
cubation steps; 15 min in reducing equilibration buffer (1% w/v DTT)
followed by alkylating buffer (2.5% w/v iodoacetamide) for another
15 min. The equilibrated strips were then subjected to 12.5% w/v ac-
rylamide gel for second dimensional protein separation. Following 2D
electrophoresis, the DIGE gels were scanned using Typhoon Variable
mode Imager. Images scanned were then analyzed using image analysis
software DeCyder (GE Healthcare).

2.6. Image acquisition and analysis

Following 2D electrophoresis, the DIGE gels were scanned using
Typhoon Variable mode Imager, Typhoon 9400 scanner (GE
Healthcare). The labelled protein spots were visualized at the respective
wavelength of the Cy dyes. The scanned images were analyzed for the
differential protein spots amongst the experimental groups using
Progenesis Same Spot Software (Non Linear Dynamics, USA). After
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Fig. 1. Differential protein expression. Five age matched samples were pooled from the respective group for each set of experiments. (A) Replicate 2D-DIGE images
after dye swapping. Sperm proteins from two groups (normal and AS) labelled with Cy5 (red, normal) and Cy3 (green, AS) in the upper panel gels. In the lower panel
after dye swapping two groups labelled with Cy3 (green, normal) and Cy5 (red, AS) respectively. An internal standard (mixture of equal amounts of normal and AS)
labelled with Cy2 (blue). Sections of gel showing spots identified as TEX40 (B) and ATP6VOA2 (C) in normal and AS individuals. (For interpretation of the references
to color in this figure legend, the reader is referred to the web version of this article.)

detection, matching and normalization of the spots, differentially ex-
pressed protein spots between the experimental groups were reviewed
statistically and those having p < 0.05, fold change =2.0 were excised
from the gels and further subjected to mass spectrometry identification.

2.7. Preparative 2D gels for spot picking

After the 2D-DIGE analysis, preparative gel (n = 5 pooled samples
from respective group) using 500 ug of protein was run for spot picking.
IPG strip was rehydrated with equal amounts of protein from both the
groups by adjusting the volume to 300 pl with the rehydration buffer
followed by IEF and SDS-PAGE, using standard protocol. The gel was
finally stained with colloidal coomassie G-250 staining solution [1%
(w/v) CBB, 12% (w/v), (NH4)>SO4, 2% (v/v) phosphoric acid, 18% (v/
v) ethanol] for 2h. Gel was destained and the differentially expressed
proteins were excised manually and further subjected to MALDI-TOF-
MS for protein identification.

2.8. In gel digestion and mass spectrometry

After analyzing DIGE results, coomassie staining was performed and
protein spots with significant fold change (p-value < 0.05, fold
change = 2) were excised manually from a preparative gel. Trypsin
digestion was performed as described previously [17]. Briefly, the de-
stained spots were washed with 50 mM ammonium bicarbonate and
acetonitrile in 1:1 ratio and further dehydrated with 100% acetonitrile

for 1 h. The shrunk spots were reduced with 20 mM B-mercaptoethanol
(56 °C, 30min) followed by alkylation with 55mM iodoacetamide
(20°C, 20 min, in dark). Digestion was performed by incubating the
spots at 37 °C for 16-18 h with 30 pl of trypsin (0.02 ug/pl, modified
porcine TPCK treated sequencing grade, SIGMA, USA).

The digested peptides were dried and mixed with 1 ml matrix so-
lution (50% acetonitrile and 0.1% TFA) and spotted on the MALDI
plate. MALDI-TOF-MS was done on AB Sciex TOF/TOF™ Series
Explorer™ 7000 followed by matching of peptides mass spectra against
protein databases using Mascot search engine by Matrix Sciences,
London, UK. All searches were accomplished by using NCBInr database
with a taxonomy parameter set to Homo sapiens. The criteria used were:
peptide charge state: 1+, maximum missed cleavages: 2, peptide mass
tolerance; 0.5Da, fixed modification: carbamidomethyl (C), variable
modification: oxidation (M).

2.9. RNA isolation and quantitative reverse transcription-PCR (qRT-PCR)

Total RNA was extracted from sperm (n = 10, each group) using
RNeasy Mini Kit (QIAGEN, Germany) and converted into cDNA with
the help of iScript cDNA synthesis kit (Bio-Rad, USA). Oligonucleotide
primers were designed for TEX40 (Forward primer 5-GACGAGGAGA
GCGTGCATAG-3’ and reverse primer 5-GCGGGTCTTGCTAATGT
TGC-3"), and previously reported primers were taken for ATP6VOA2
and GAPDH [18,19]. GAPDH was used as normalization control. Three
independent biological replicates were used for qRT-PCR on CFX96

83



A. Sinha et al.

Real Time System (Bio-Rad, USA) and the threshold cycle (Ct) value for
each gene was used to calculate fold change in gene expression by AACy
data analysis method.

2.10. Western blotting (WB) and ELISA

The validation of the mass spectrometry results was performed by
WB and ELISA. Isolated protein (30 ug) was loaded and separated on
12% SDS gel followed by electroblotting on nitrocellulose membrane.
Membranes were probed overnight at 4 °C with primary antibodies of
TEX40 (1:100; polyclonal, ab123745, Abcam, UK) and ATP6VOA2
(1:500, polyclonal, PA5-29271, Thermo Fischer Scientific, USA) and
processed further with HRP-conjugated secondary antibody. Blots were
developed for protein bands using ECL detection kit (GE Healthcare).
Densitometric quantification of the bands was done by Image J software
(National Institutes of Health, Bethesda, MD). Concentrations of
ATP6VOA2 were assessed using ELISA kits (Cusabio Inc., China) fol-
lowing the manufacturers protocol (n = 20, each group).

2.11. Statistical analysis

The qRT-PCR and WB data were analyzed by Student's t-test.
GraphPad Prism software (version 7.04) was used to analyse the ELISA
data and p-value < 0.05 was considered as statistically significant
comparison between the normal and AS groups.

3. Results
3.1. Down-regulation of TEX40 and ATP6VOAZ2 in AS patients

2D-DIGE was performed to study the human sperm proteome pro-
files. Five age matched samples were pooled from the respective group
for each set of experiments and a total of twenty samples were used for
four set of DIGE experiments. One set of DIGE experiment resulted in
six images showing uniform distribution of spots across the gels
(Fig. 1A). Comparative proteomic analysis using DIGE followed by
MALDI-TOF-MS resulted in seven differentially expressed proteins
(p = 0.05, fold change = 2.0; Table 2), SERPINB9, TEX40, ATP6VOA2,
K2C1, PSA, AJUBA and POGK. The MASCOT score for each identified
protein is provided in the supplementry data. Amongst them, SER-
PINB9, TEX40, ATP6VOA2 and PSA were found relevant to male ferti-
lity. Interestingly, two proteins TEX40 and ATP6VOA2 explicitly related
to sperm motility showed lesser protein expression in the AS patients
compared to normal individuals (Fig. 1B and C). The electro-
phoretograms displayed =2 fold decreased level in terms of % volume,
TEX40 (normal vs. AS: 2.59 vs. 1.19) and ATP6VOA2 (normal vs. AS:
6.08 vs. 2.07).

3.2. No change in mRNA expression of TEX40 and ATP6VOA2

To check whether TEX40 and ATP6VOA2 expression is regulated at
transcriptional level, we evaluated the differential mRNA expression of
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these genes in normal and AS individuals. qRT-PCR was done in an
independent cohort (n = 10 for each group). Results showed no sig-
nificant change at the mRNA level of TEX40 and ATP6VOA2 genes
between normal and AS individuals (Fig. 2).

3.3. Confirmation of down-regulation of TEX40 and ATP6VOA2 in AS
patients

Confirmation of low abundance of TEX40 and ATP6VOA2 in AS
group was done by WB using suitable antibodies (Fig. 3A). Total ten
samples were used for each group. Finally, two normal and two AS
samples were prepared by pooling five samples from each group to
obtain desired amount of protein for experiment. WB results for the two
proteins in both the groups are graphically illustrated in Fig. 3B and C.
The results were in concert with the MS findings of these two proteins
with both TEX40 and ATP6VOA2 down regulated in the AS.

3.4. Evaluation of ATP6V0A2 protein expression by ELISA

The evaluation of ATP6VOA2 protein expression to discriminate the
normal individuals from the AS patients was performed by ELISA in
normal controls (n = 20) and AS patients (n = 20). Non-availability of
ELISA based assay for TEX40 as it is a newly identified protein, ren-
dered us to proceed further with ATP6VOA2 only. Concisely, ELISA
results revealed that ATP6VOA2 levels were low in AS individuals as
compared to normal controls (p < 0.01) (Fig. 3D).

4. Discussion

Clinical fertility tests available in the market include the analysis of
various sperm related factors like motility, concentration and mor-
phology. Although, detailed evaluation of all still leaves nearly 50%
cases of infertility with no known cause, thus making the discovery of
infertility sensitive diagnostic tools obligatory. In the present scenario
proteomics has emerged as a crucial research field in biology and
medicine having the potential to classify and authenticate potent tar-
gets, at the molecular level. Protein markers may help in elucidating the
unknown causes of male infertility, thus simultaneously paving the path
for therapeutic solutions to the problem. Cited literature describes the
cases as idiopathic in nature, thus quoting no specific credited cause
responsible for the condition [20-22]. Customarily, two major path-
ways related to sperm motility are described i.e. Ca®”signalling and
cAMP/protein kinase A pathway [23]. The plethora of proteins referred
in support to their involvement in sperm motility can be categorized as
energy-metabolism and signalling-transport related proteins [9,24-26].
Herein, attempts were made to study 2D-DIGE based differential sperm
proteome profile, which revealed seven differentially expressed protein
spots that were further identified by MALDI-TOF-MS (Table 2).

In the present investigation, we identified SERPINB9, TEX40,
ATP6VOA2 and PSA as the most relevant proteins related to male fer-
tility. The study suggests that low levels of these sperm proteins could
be a signature for low motility state. Although, highlight of the study

Table 2
List of differentially expressed sperm proteins identified by MALDI-TOF/MS having a fold change of =2.
Protein name” Accession no. MW (kDa) Fold change (p-value) Function
K2C1 P04264 66 —1.7 (0.034) Regulator of kinases
AJUBA Q96IF1 56.9 —1.9 (0.033) Scaffold protein, cell-cell adhesion, transcription repression
TEX40 QONTU4 23 —2.1 (0.023) Auxiliary component of the CatSper complex involved in Ca®>* entry
POGK Q9P215 69.4 —2.9(0.043) DNA binding protein, probable transposon
ATP6VOA2 Q9Y487 99.1 —2.93 (0.044) Proton pump involved in acrosome acidification
SERPINB9 P50453 43 —3.1(0.035) Serine protease inhibitor
PSA P07288 28.7 —4.9 (0.012) Serine protease involved in seminal liquefaction

@ K2C1 (keratin, type II cytoskeletal 1), AJUBA (LIM domain containing protein), TEX40 (testis expressed protein 40), POGK (Pogo transposable element with
KRAB domain), ATP6VOA2 (a2 isoform of vacuolar ATPase), PSA (prostate-specific antigen).
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Fig. 2. Differential mRNA expression (n = 10 for each group). Relative expression of TEX40 (A) and ATP6VOA2 (B) genes at mRNA level in normal and AS

individuals. GAPDH was used as internal control.
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Fig. 3. Validation of differentially expressed proteins. (A) Representative immunoblots showing expression of TEX40 and ATP6VOA2 proteins in normal and AS
individuals (each band corresponds 5 pooled samples from the respective group). Beta actin was used as an internal control. (B and C) Graphical illustration showing
quantitative expression of TEX40 and ATP6VOA2. (D) Evaluation of ATP6VOA2 protein expression by ELISA (n = 20 individual samples from each group). Data
expressed as mean = SD. *** indicates a significant difference P < 0.001, ** significant difference P < 0.01, and * significant difference P < 0.05.

were two proteins, TEX40 and ATP6VOA2, which could be assorted in
the class of energy-metabolism (ATP6V0A2) and signalling-transport
(TEX40) related proteins. The above alterations are not surprising as
these functional groups are imperative for the proper functioning and
motility of the sperm. Nonetheless, the two proteins are attention
drawers as their lowered expression in clinically diagnosed AS in-
dividuals is reported for the first time. Also, the above mentioned
proteins are not listed in a recently published report of human sperm
proteins identified by 2-dimensional electrophoresis [27]. Probably, the
reason being less sensitivity associated with 2-dimensional electro-
phoresis as compared to flour dye based DIGE.

SERPINBY is a 43kDa serine protease inhibitor, which inhibits
Granzyme B a serine protease present in the cytotoxic T cells. A report
unveils that SERPINB9 is abundantly expressed in human testicular
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sertoli cells, where it may contribute to immune privilege by giving
protection against maternal or self-reactive cytotoxic lymphocytes
produced granzyme B [28]. Evasion of the immune system is the finest
mechanism opted by cancer cells to survive and proliferate. Granzyme
B initiates apoptosis mediated tumor cell death. Higher expression of
SERPINBO in prostate cancer suggests a protective effect of later on
prostate cancer cells and thus, its deregulation may play a protective
role early in cancer progression [29]. A recent report examining the
exome sequence of two azoospermic brothers revealed homozygous
splice mutation in SPINK2, encoding another serine protease inhibitor
which targets sperm acrosomal protease, acrosin [30]. The results of
this study clearly define that deficiency of this protein induce a pa-
thological state ranging from oligoasthenoteratozoospermia in hetero-
zygotes to azoospermia in homozygotes [30]. Similarly, a mice model
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Fig. 4. Schematic diagram depicting probable role of TEX40, ATP6VOA2, SERPINB9 and PSA in sperm motility. Down-regulation of TEX40 leads to fewer entries of
Ca®* in sperm causing retarded motility. Lower expression of ATP6VOA2, responsible for acrosomal deacidification results in diminished sperm motility. SERPINB9
mechanism has not been much explored and probably works alike other serine protease inhibitors causing improper spermatogenesis and reduced sperm motility.
PSA down regulation causes poor semen liquefaction resulting in lessened sperm motility.

study has revealed that mutation in Spink2 gene, abundantly expressed
in testes causes impaired spermatogenesis and fertility. Authors have
also suggested that the protein is also involved in maintenance of
normal spermatogenesis, and possibly regulates serine protease-medi-
ated apoptosis in male germ cells [31]. Above mentioned studies are
aptly parallel with our present findings discussing down regulation of
SERPINBO in AS Indian males. It is thus hypothesised that SERPINB9
works in a similar way as other serine protease inhibitors.

PSA is another imperative protein involved in semen liquefaction
thereby releasing sperm for active motility. Degradation of semenoge-
lins yields numerous polypeptides with varied biological functions,
such as hyperactivated motility [32]. It has been suggested that in
addition to facilitating coagulum liquefaction, PSA might activate a
motility-activating peptide [33]. These reports accurately rationalize
the reduced level of PSA found in the present study, which may cause
diminished hyperactive sperm motility.

In a de novo murine model study, TEX40 is identified as a 23 kDa
protein and denoted as zeta ({) subunit of CatSper channel complex
[14]. The same group initially stated that CatSper ion channel is re-
quired for sperm motility and fertility [34]. Further, they identified it as
a complex containing seven proteins (CatSperl-4, B, y and 8), of which
four form a pore for entry of Ca®* ions and three accessory proteins
probably participating in hyperactive motility [35]. Recently, two new
accessory proteins have been added in the list as € and ( related to this
channel by the same group of investigators [14]. They have stated that
genetic disruption of mammalian specific Catsper { results in severe
subfertility. Also, the study has illustrated that both mouse and human
sperm share a common structural organisation of the CatSper complex
[14]. Mammalian sperm displays two types of physiological motility,
activated (in ejaculated sperm) and hyper activated (sperm recovered
from fertilisation site) [36]. Hyper activated motility triggered by
CatSper, is the key requisite for normal sperm navigation, rheotaxis,
and zona pellucida (ZP) penetration [37,38]. TEX40 is an accessory
protein of CatSper complex required for its linear quadrilateral dis-
tribution along the flagellum, and mutation in this leads to fragmented
distribution of CatSper strips. Altogether, this obstructs Ca®* influx
through the channel thus affecting the sperm motility by making it
more rigid [14]. In view of TEX40, Chung et al. investigation is the first
and recent of its kind supporting the fact that TEX40 is crucial for the
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motility of the sperm. Low expression of TEX40 obtained herein is
another experimental proof, which testifies the clinical state of affairs of
the AS individuals. Furthermore, the WB results support the MALDI-
TOF-MS findings. Our results at the protein level explain a similar
pattern of expression (DIGE and WB).

Herein, another protein ATP6VOA2 was found down-regulated in AS
individuals. Furthermore, WB and ELISA results were in agreement
with the proteome profiling discoveries. The a2 isoform of vacuolar
ATPase (ATP6VOA2) is a 99 kDa ATP dependent multi-subunit proton
pump required for the acidification of the intracellular compartments as
well as extracellular milieu [15]. The reports suggest the acrosomal
location of ATP6VOA2 in the spermatozoa from murine model [39].
Higher acrosomal expression of ATP6VOA2 in capacitated murine
sperm than non-capacitated spermatozoa from caudal epididymis at-
tests its alliance with male infertility. Also, ATP6VOA2 is involved in
cytokine secretion, which is essential for successful implantation [40].
Similar findings in the human semen demonstrating link between
ATP6VOA2 expression and cytokine secretion are observed [41]. An-
other major functional outcome of ATP6VOA2 protein is in spermato-
genesis by regulating testicular immune response [42] and apoptotic
pathways [15]. Abnormal spermatogenesis due to unhinged chemo-
kine/cytokine network and apoptotic pathways results in reduced
sperm motility and poor sperm production. Also, paternal inhibition of
ATP6VOA2 reduces the pregnancy outcomes in the females as reported
by others [42]. Our results presenting low expression of ATP6VOA2 in
AS infertile male postulate that deregulated inflammatory response and
apoptotic pathways root low sperm motility in this group. In support of
the above assumption, our previous study has reported the higher ex-
pression of interleukin-1 family member 10 (IL-1F10) cytokine in
seminal plasma of AS individuals from the same population [43]. At the
transcriptomic level, the results exhibited no changes in the mRNA
expression of TEX40 and ATP6VOA2, concluding that supposedly their
expression might not be regulated at the transcriptional level. The role
of some epigenetic factors (miRNA) or post-translational protein de-
gradation mechanisms in down-regulating protein expression can be
further explored.

In a nutshell, investigation states that down regulation of TEX40, a
Ca®* signalling sperm motility related protein is reported for the first
time in clinically diagnosed AS males. Supporting the fact, a recent
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report also suggests that compromised Ca>* signalling is likely to affect
capacitation, regulation of acrosome reaction and sperm viability [44].
Another important protein is ATP6VOA2, which has also been reported
earlier in a mixed population of infertile males [41]. Validation ex-
periments further confirmed their lower expression. A schematic re-
presentation illustrates the role of TEX40, ATP6VOA2, SERPINB9 and
PSA in sperm motility (Fig. 4).

5. Conclusion

The proteome stock in sperms of normal and AS males was studied
in the present investigation so as to elucidate the idiopathic nature of
male infertility. The two proteins identified, work in a sequential and
coordinated manner to provide hyperactive motility to the ejaculated
sperm. The simultaneous down regulation of both proteins found herein
can be further evaluated in a large cohort of clinically diagnosed males
with low sperm motility. The down regulation of both could have a
deleterious effect on sperm hyperactive motility and could be a plau-
sible explanation for idiopathic male infertility. Also, in future these
proteins can be further utilized as contraceptive targets.
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