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ABSTRACT

Objective: The present study analyzed the seminal plasma proteome and possible relationships 
between proteins and semen quality in azoospermic and normal Simmental bulls.
Materials and Methods: Fresh semen plasma samples from the Lembang Artificial Insemination 
Center were used for this study, including one bull (76´ ejaculate) with very poor semen quality/
azoospermia (poor fresh semen/infertile; PFS) and three bulls with normal semen quality (normal 
fresh semen; NFS) for proteomic analysis using a pooled system (NFS-Stud) (60´ ejaculate). The 
only males obtained with very low quality or azoospermia (PFS) had sperm motility of <10% (one 
head). Bulls with azoospermic conditions produce fresh semen without sperm or with very little 
sperm concentration. A total of 109 proteins were identified in the seminal plasma of Simmental 
bulls analyzed using liquid chromatography-mass spectrometry. Bioinformatics analysis was used 
to explore total protein, expression, function, and protein mechanism in the seminal plasma of 
Simmental bulls.
Results: The results showed that the seminal plasma proteins expressed in NFS bulls include 
ELSPBP1, SIL1, HSPA13, angiotensin-1 covering enzyme, and CRISP1. On the other hand, B2M, C3, 
CFB, venin-2, and cathepsin S contribute significantly to PFS. The NFS bull proteins play important 
roles in sperm capacitation, protein transport, sperm motility, spermatogenesis, immune toler-
ance, and fertilization, while the PFS proteins perform apoptotic and antigen pathway functions.
Conclusion: There is an interaction between proteins in the seminal plasma of males with poor 
semen quality (PFS) and cases of infertility (azoospermia) that cause a decrease in sperm quality 
in PFS bulls.
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Introduction

The success of reproductive efficiency in livestock is 
reflected in reproductive health, which may indicate a high 
fertilization rate. The determining factor for successful 
fertilization is the intrinsic and extrinsic factors of sperm, 
namely sperm plasma, which is associated with male fer-
tility and plays an important role in determining the ability 
of sperm to fertilize oocytes [1]. Sperm fertility is the capa-
bility of sperm to fertilize and activate oocytes to support 

embryonic development. Both are essential factors that 
can affect male fertility [2]. The reproductive selection of 
bull fertility by the breeding soundness examination (BSE) 
method shows that the production and quality of sperm 
produced are not optimal, although bulls have passed 
BSE selection, and sperm concentration and motility are 
even very low [3]. Several studies have shown that age [3], 
individual differences [4], environmental factors [5], and 
seminal plasma and sperm protein expression may have 
an influence on sperm quality and fertility [1]. Protein, a 
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secretory component of sperm, is one of the factors that 
can influence sperm physiology for normal fertilization [6].

Expression of specific sperm plasma proteins allows 
males with normal libido to have low sperm quality. Sperm 
seminal plasma proteins play critical roles in acrosome 
capacitation, response fertilization, and sperm-ovum 
interactions [1]. Diansyah et al. [7] reported that interac-
tions between different sperm plasma proteins can have 
negative effects on sperm quality, such as low sperm 
motility and sperm concentration, which can even lead 
to ejaculation without sperm [8]. The decreased motility 
and sperm concentration in fresh semen may be related to 
the immunogenic or autoimmune system emanating from 
the animals, especially from sperm plasma and testis [9]. 
Sperm protection from the autoimmune system begins in 
the testes and depends on the presence of the blood-testic-
ular barrier (BTB), which protects sperm during the stages 
of germ cell development and spermiogenesis [10], which 
is related to sperm quality. There is a correlation between 
sperm quality and BTB, including peptidyl-prolyl cis/trans 
isomerase, the Fas ligand system, toll-like receptors, and 
cytokines that can affect semen quality, regulation of the 
immune system in sperm [9], and male fertility [11].

There are no reports on the physiological aspects 
affecting the immune response and infertility and their 
relationship with sperm quality and fertility through the 
biological roles and functions of bovine sperm plasma 
proteins. Currently, there are new developments in the 
evaluation of male fertility based on proteomics analysis, 
a molecular analysis based on functions, biological pro-
cesses, pathways, and the interaction of plasma protein 
expression in semen that determines fertility and semen 
quality. Thus, the objective of this study is to identify pro-
teins in seminal plasma associated with infertility cases as 
part of Indonesian producers' efforts to increase the repro-
ductive performance of Simmental bulls.

Materials and Methods

Ethical approval

The IPB University Animal Ethics Committee approved the 
animal models and experimental designs for this study 
with certificate number 158-2019 IPB.

Seminal plasma collection and preparation

Fresh semen plasma samples from the Lembang Artificial 
Insemination Center (AIC) were used for this study, includ-
ing one bull (76´ ejaculate) with very poor semen quality/
azoospermia (poor fresh semen/infertile; PFS) and three 
bulls with normal semen quality (normal fresh semen; 
NFS) for proteomic analysis using a pooled system (NFS-
Stud) (60´ ejaculate). The only males obtained with very 

low quality, or azoospermia (PFS), had sperm motility of 
<10% (one head). Bulls with azoospermic conditions pro-
duce fresh semen without sperm or with very little sperm 
concentration. Fresh sperm criteria based on secondary 
sperm motility data with values of ≥70% and <10% belong 
to Lembang AIC in 2018–2019.

Semen collection was performed from 7:00 a.m. to 
9:00 a.m. using an artificial vagina. Seminal plasma was 
obtained by centrifuging 2   ml of fresh semen from NFS 
and PFS Simmental bulls for 30 min at 6,500 × rpm. The 
supernatant and pellet were stored at −20°C for further 
analysis.

Protein quantification

The determination of seminal plasma protein concen-
tration was performed according to the protocol of the 
Coomasie User Guide (Bradford) Protein Assay Kit. The 
data obtained were analyzed using the Thermo Skanlt RE 
software for Multiskan Go Software version 3.2.

A total of 25 gm of aliquoted seminal plasma protein in a 
microtube and dried in a vacuum. Samples were lysed with a 
buffer containing 8 M urea, 0.02 M triethylammonium bicar-
bonate (TEAB), and 0.5 M dithiothreitol (DTT), followed by 
incubation at 55°C and shaking at 400 rpm (Eppendorf® 
Thermomixer® R, Sigma-Aldrich, Darmstadt, Germany) for 
25 min. The alkylation process was then performed by add-
ing iodoacetamide to a final concentration of 0.014 M. The 
mixture was kept dark at 21°C and 400 rpm for 40 min. The 
digestion process was done by adding 0.005 M DTT, 0.001 
M CaCl2, and 0.02 M TEAB until the final volume was 75 µl. 
Trypsin enzyme (Promega, Fitchburg, WI) with an enzyme/
substrate ratio of 1:50 (w/w) was used as the enzyme for 
the digestion process and incubated at 37°C for 18 h. To stop 
trypsin activity, 1% of the final volume of trifluoroacetic 
acid solution was added to the reaction [6]. The purification 
was performed with C18 spin columns, each of which had a 
porous C18 reserved-phase resin that could bind peptides 
well.

Peptide fractionation and liquid chromatography-mass 
spectrometry (LC-MS/MS) analysis

Peptides from each sample were analyzed using LC-MS/
MS on the Nano LC Ultimate 3000 Series System Tandem Q 
Exactive Plus Orbitrap HRMS (Thermo Scientific) system with 
a PepMap RSLC C18 column (75 µm inner diameter, 15 cm, 
3 µm, 100 pore size, part number ES 800 (Thermo Scientific) 
at a flow rate of 300 ml/min. Elution of peptides from the col-
umn gradient solvent B for 0–3 min (0.1% formic acid, 98% 
acetonitrile); 2%–35% solvent B for 3–30 min, 35%–90% sol-
vent B for 30–45 min, 90% solvent B for 45–90 min, and 5% 
solvent B for 60–90 min. Survey scans in the 200–2,000 m/z 
range were performed with an MS resolution of 30,000 (at 
400 m/z) in the Orbitrap analyzer, followed by 10 intensive 
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precursor MS/MS scans by collision-induced dissociation at 
normalized collision energy (35%) [6].

Database search, bioinformatics, and statistical analysis

All data were processed using the Uniprot bovine pro-
tein database (http://www.uniprot.org) and Proteome 
Discoverer 2.2 software. The identified protein contains 
at least one unique peptide per protein. In addition, the 
function and biological processes of the proteins in the 
data set were determined using gene ontology (GO) anno-
tations. Determination of the signaling pathways involved 
in seminal plasma using PANTHER and the David database 
(https://david.ncifcrf.gov/). The analysis of interactions 
between proteins was carried out using STRING (http://
string-db.org). Statistical analysis on semen parameters 
and protein intensity was performed using SPSS version 
26 software.

Results and Discussion

Data analysis revealed that the average quality of fresh 
Simmental semen in each of the NFS and PFS bulls was 

70.00% ± 0.17% and 5.59% ± 0.07% sperm motility, 
1,633.14 × 106 cells/ml and 184.80 ×106 cells/ml sperm 
concentrations, respectively (Table 1).

According to the results of LC-MS/MS analysis, 73 
proteins (seminal plasma NFS) and 82 proteins (seminal 
plasma PFS) were identified. Annotation analysis (Venn 
diagram) revealed that 46 proteins (42.2%) were found 
in both bovine seminal plasma (NFS and PFS). 27 proteins 
(24.8%) were found only in NFS, and 36 proteins (33%) 
were found in PFS (Fig. 1A). The results of this annotation 
analysis also show that NFS leads to both reproductive and 
adhesion processes, whereas PFS leads to the immune sys-
tem process (Fig. 1B).

Protein classification is based on two aspects of GO: 
molecular function and biological processes. The ontol-
ogy analysis revealed that most proteins in NFS and PFS 
were directed towards a binding function, a catalytic activ-
ity, a regulator of a molecular function, a molecular trans-
ducer activity, and a structural activity (Fig. 2A and C). 
The results of GO analysis of biological processes in NFS 
and PFS showed that each protein was involved in a cel-
lular process, a metabolic process, a response to stimulus, 

Table 1.  Sperm parameters Simmental bulls normal and infertile. 

Parameter
NFS 

(60 × ejaculate)
PFS

(76 × ejaculate)

Sperm motility (%) 70.00 ± 0.17a 5.59 ± 0.07b

Sperm concentration (×106 ml−) 1,633.14 ± 31.78a 184.80 ± 24.41b

Means in a line with different superscripts a and b differ significantly at p < 0.05.

NFS: normal fresh semen; PFS: poor fresh semen/infertile.

Figure 1. Proteins distribution: (A) Venn analysis (https://bioinfogp.cnb.csic.es/tools/venny/); normal bull (blue), infertile bull 
(yellow) and (B) proteins based on biological process (http://www.pantherdb).
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a biological regulation, a localization, a reproduction, a 
multicellular organismal process, a developmental pro-
cess, and a biological adhesion (Fig. 2B and C). However, 
the results of the analysis indicate that the expression of 
plasma proteins in sperm leads to biological adhesion 
(NFS) and immune system processes (PFS).

The total protein identified in both NFS and PFS showed 
different protein characteristics. Generally, biological pro-
cesses (cellular processes, regulation, and interactions 
between cells) and molecular functions (binding, catalytic 
activity) in seminal plasma are associated with events such 
as sperm motility, capacitation, acrosome reactions, fertil-
ization, and embryonic development.

According to this study, there were cases of infertility 
associated with proteins leading to biological processes 
related to the immune system and antigens in the seminal 
plasma of PFS. A total of 36 different types of proteins (dif-
ferentially expressed) were found in the seminal plasma 
of PFS bulls, 14 of which were involved in immunological 
processes as well as antigens. The protein mechanism 

identified by david.ncifcrf.gov/analysis leads to protein 
antigens via the complement cascade pathway, antigen 
processing, and apoptotic signaling via the PI3K-AKT sig-
naling pathway.

In the complement cascade pathway, the antigen–anti-
body complex activates complement-1qrs (C1qrs), which 
can convert C4b2a to C3 with the enzyme C3 convertase. 
Complement (C3) in the form of C3a and C3b changed from 
C42a3b to C5 with the help of the enzyme C5 convertase. 
Activation of C5 in the form of C5a and C5b can cause cell 
membrane damage (C5b-9), leading to cell lysis, includ-
ing sperm. The complement system is one mechanism 
that Sertoli cells must modulate to prevent spermatocyte 
destruction [9]. In the regulation of the cascade pathway, 
protein C3 interacts with apolipoprotein A1 (APOA1) and 
complement factor B (CFB) (Fig. 3B and C).

The mechanism of the PI3K-AKT pathway can damage 
sperm membranes by DNA fragmentation through the 
activation of caspase signaling in Sertoli cells caused by 
a decrease in follicle stimulating hormone [12], which is 

Figure 2. GO term Simmental bull normal (NFS) and infertile (PFS): (A) molecular function NFS; (B) biological process NFS; 
(C) molecular function PFS; and (D) biological process PFS (http://www.pantherdb).
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associated with the expression of C3 that can interact with 
APOA1 in PFS seminal plasma. Iskandar et al. [1] reported 
that the presence of APOA1 in the seminal plasma of Bali 
cattle (Bos javanicus) may be negatively correlated with 
the percentage of normal sperm morphology and motil-
ity. APOA1 is a component of the high-density lipoprotein 
complex that can interact with proteins on the flagella and 
acrosomes of sperm [13]. The low motility of sperm in 
PFS bulls (5.59% ± 0.07%), presumably due to an inter-
action between APOA1 and proteins in the postacrosomal 
region and neck of sperm, may affect cholesterol efflux and 
inhibit fertilization in humans [14]. Moreover, the expres-
sion of the APOA1 antibody increases sperm apoptosis and 
decreases sperm motility [14].

The low sperm quality in PFS bulls is related to the 
expression of the protein beta-2-microglobulin (B2M), 
which can interact with cathepsin S/CTSS protein as an 
antigen (Fig. 3E), both as cytosolic antigens and endocyto-
sed antigens. The role of B2M in antigen processing is medi-
ated by the mechanisms of the MHC-I and MHC-II pathways. 
B2M activity in the MHC-I pathway is activated through two 
pathways: the interaction between the proteasome and the 
HSP70 family 13/HSP90 protein, which can activate TAP1/2 
and MHC-I, and B2M, which plays a role in target cell dam-
age through the T-cell receptor signaling pathway (CD8 
T-cell via CD8 receptors and TCR) (Fig. 3A). The MHC-II 
pathway occurs in the endosome via the activation of CTSB/
IL6 through the CD4 receptor and TCR through the T-cell 

receptor signaling pathway, which can stimulate cytokine 
production (regulation of the immune system) and cause a 
decrease in sperm quality in PFS bulls. Prihatno et al. [15] 
reported that IL6 is associated with testicular dysfunction, 
which affects the low semen quality of PFS bulls.

Expression of B2M and venin-2 (VNN2) proteins caused 
an increase in cytokines (IL6 and IL8) in PFS bulls. The 
presence of cytokines in the seminal plasma correlates with 
lower semen volume and sperm motility in bulls with repro-
ductive tract dysfunction, resulting in low fertility [16]. The 
low quality of semen from PFS bulls was indicated to be 
related to the presence of growth factor (GF) and cytokines 
in seminal plasma. PI3K is activated by the interaction of 
GF-RTK, BCR-CD19, and cytokine-JAK, which can then acti-
vate AKT via PI3kinase stimulation. AKT activation can mod-
ulate multiple cellular pathways leading to cell proliferation 
and apoptosis and decreasing sperm concentration (azo-
ospermia) and thus sperm quality [16]. In addition to the 
AKT and ERK signaling pathways that can regulate the phos-
phorylation processes, their activity could lead to changes 
in sperm velocity and even induce sperm apoptosis [17]. 
Furthermore, decreased sperm count (azoospermia) and 
motility were caused by the activation of cisplatin, which 
inhibits the AKT signaling pathway and induces apoptosis 
by increasing cleaved-caspase 3.

The STRING platform analysis revealed that epididy-
mal sperm-binding protein 1 (ELSPBP1) (Fig. 4A) plays a 
role in reproductive function by initiating the process of 

Figure 3. Interactions between seminal plasma proteins and reproductive function in infertile/PFS Simmental bulls (yellow): 
(A) B2M; (B) C3; (C) CFB; (D) VNN2; and (E) CTSS (STRING platform: http://string-db.org).
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sperm capacitation through the heparin-binding mecha-
nism. ELSPBP1 is a sperm-binding protein that contains 
fibronectin type 2 (Fn2) and is found in the seminal plasma 
of buffalo sperm [18]. The function of ELSPBP1 is not 
known, but its interaction with binding sperm proteins 
shows that the two proteins bind to the phospholipid cho-
line of the spermatozoa membrane during ejaculation and 
simultaneously regulate the Fn2 domain [18]. However, the 
expression of the two proteins shows different roles in the 
physiological function of sperm. Heparin interacts with 
BSPs and ELSPBP1 and may play a role in spermatozoa 
capacitation via heparin banding. Heparin binds to BSPs, 
decreasing their concentration and cholesterol and phos-
pholipid levels in the plasma membrane [7]. Associated 
with the decreased induction of heparin are intracellular 
changes that initiate the release of Ca2+ via calcium ATPase. 
When the acrosome reaction occurs, Ca2+ increases. 
Heparin increase causes H+ efflux and HCO3− influx. The 
exchange of HCO3− and H+ raises intracellular pH (pHi) and 
activates soluble adenylate cyclase (sAC). Cyclic adenosine 
monophosphate production activates protein kinase A. 
It initiates signaling that can stimulate protein tyrosine 
kinase and inhibit protein tyrosine phosphatase, thereby 
increasing protein tyrosine phosphorylation, which is 
required for capacitation and acrosomal reactions [13].

The results of the analysis showed that the expression 
of protein nucleotide exchange factor (SIL1) (Fig.  4B) 
in sperminal plasma plays a role in protein transport 
and facilitates nucleotide exchange reactions in the 
endoplasmic reticulum [19]. SIL1 cooperates with the 
glucose-regulated protein of 170 kDa (Grp170) in mod-
ulating nucleotide exchange via binding between SIL1 in 
the nucleotide-binding domain (NBD) and immunoglob-
ulin heavy-chain binding protein (BiP) [20]. NEF SIL1 is 
a single domain consisting of four substrates (Ia, Ib, IIa, 
and IIb) that bind to the lobes of BiP NBD. Upon binding 
of SIL1 in the form of BiP-adenosine diphosphate (ADP), 
the NBD of BiP is unlocked by the activity of lobe IIb, and 
ADP is released due to the instability in lobe Ib. Adenosine 
triphosphate (ATP) can then bind to NBD and BiP and trig-
ger ATPase cycles, which are critical for protein activation 
and transport [19]. According to STRING platform analysis 
(Fig. 4C), HSP70 family proteins, including HSPA13, coop-
erate with SIL1 (BiP) to bind and release proteins, regu-
lating ATP-binding, hydrolysis, and nucleotide exchange 
[21]. The binding of HSP70 to BiP initiates the hydrolysis 
of ATP to ADP. The release of ADP allows the rebinding of 
ATP to the substrate-binding domain, which is essential in 
nucleotide exchange reactions [19]. In addition, intracel-
lular adenosine ATP is required for sperm movement and 

Figure 4. Interactions between seminal plasma proteins and reproductive func-
tion in Simmental bulls with NFS (yellow): (A) ELSPBP1; (B) SIL1; (C) HSPA13; 
(D) ACE; and (E) CRISP1 (STRING platform: http://string-db.org).
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hyperactivation in the processes of capacitation and acro-
somal responses, both of which are necessary for success-
ful fertilization. However, Viana et al. [22] discovered that 
SIL1 protein was negatively associated with dairy bulls. 
The results of this study suggest that there is an interaction 
between SIL1 and HSPA13 that may reduce sperm motility 
via an ATP-binding mechanism.

According to the findings of this study, the angioten-
sin-1 covering enzyme (ACE) protein is one of the proteins 
in NFS associated with sperm reproductive function. The 
role and function of ACE could be in the regulation of ste-
roidogenesis or Leydig cell function [23]. Karnik et al. [24] 
discovered that Ang-(1–7) is expressed in the testes as a 
ligand for the G-protein-coupled receptor Mas receptor on 
cell membranes. Mas mRNA in the testis is located in Leydig 
and Sertoli cells, which affects the expression of enzymes 
involved in testosterone biosynthesis in Leydig cells [23]. 
Pan et al. [25] found that ACE1, consisting of somatic ACE1 
and testicular ACE1 (tACE1) isoforms, plays an important 
role in fertility and is expressed in the seminal plasma to 
protect sperm before and after deposition into the female 
reproductive tract. STRING platform analysis revealed that 
the ACE protein interacted with several proteins, includ-
ing renin (RNN), angiotensin (Ang), ACE3, and albumin 
(Fig. 4D). The interaction of ACE1 (tACE1) and ACE3 regu-
lates both spermatogenesis and fertilization [26].

The molecular mechanism involved in sperm fertilization 
ability through the interaction between proteins from the 
epididymis and the plasma membrane of sperm is played by 
cysteine-rich secretory protein (CRISP) [27]. In mammals, 
CRISP is expressed in four forms, namely CRISP1, CRISP2, 
CRISP3, and CRISP4, which are found in both reproduc-
tive and non-reproductive organs [28]. The expression of 
CRISP1 (Fig. 4E) in the semen plasma of NFS enables inter-
action with sperm via CRISP-sperm binding when trans-
ported from the male and female reproductive organs [27]. 
Ernesto et al. [28] found that CRISP1 plays a role in modulat-
ing sperm hyperactivation and participates in the regulation 
of several capacitation-associated events [27].

In addition, the presence of CRISP1 can inhibit TRPM8 
and CatSper [28], which play a role in regulating sperm 
Ca2+ released from intracellular stores at the neck to pre-
vent hyperactivation [29]. In this study, cases of infertility 
were found to be associated with the expression of proteins 
leading to biological processes related to the immune sys-
tem and antigens in the seminal plasma of PFS beef bulls.

Conclusion

There is an interaction between proteins in the seminal 
plasma of males with poor semen quality (PFS) and cases 
of infertility. A total of five proteins (PFS males) have been 
used as potential markers of male infertility, namely B2M, 
complement-3 (C3), CFB, VNN2, and CTSS.
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