BIO Web of Conferences 162, 00006 (2025) https://doi.org/10.1051/biocont/202516200006
WECARe 2024

Protamine-2 protein abundance in Ongole
Grade mature spermatozoa is unrelated to
semen quality and DNA fragmentation

Berlin Pandapotan Pardede!”, Wiwied Sawitri?, Anny Amaliya®, Muhammad Agil’,
Iman Supriatna®, Ni Wayan Kurniani Karja®, and Cece Sumantri*

Research Center for Applied Zoology, National Research and Innovation Agency (BRIN), Bogor,
West Java, Indonesia

2Singosari Artificial Insemination Center, Singosari, Malang, East Java, Indonesia.

3Division of Reproduction and Obstetrics, School of Veterinary Medicine and Biomedical Sciences,
IPB University, Bogor, Indonesia

“Department of Animal Production and Technology, Faculty of Animal Science, IPB University,
Bogor, West Java, Indonesia.

Abstract. This study aimed to analyze the abundance of protein protamine-
2 in mature spermatozoa of Ongole Grade bulls and its relation to semen
quality and DNA fragmentation. A total of 120 frozen semen straws from
six Ongole Grade bulls aged four to five years were used in this study. The
bulls were then divided into two groups, group A (post-thawing motility
>45%) and group B (post-thawing motility <45%). The semen quality
parameters used in this study included progressive motility, viability, plasma
membrane integrity, sperm head defects, and DNA fragmentation.
Progressive motility was analyzed using computer-assisted semen analysis.
Sperm viability was evaluated using eosin-nigrosine staining. The HOS test
was used to assess the integrity of the plasma membrane of spermatozoa.
Sperm head defects were analyzed using carbolfuchsin-eosin staining.
Sperm DNA fragmentation was analyzed using acridine orange staining.
The protamine-2 protein abundance was analyzed using the enzyme
immunoassay method. Although Group A had considerably better semen
quality (P<0.05) than Group B, it met the artificial insemination criteria. The
protamine-2 protein abundance tended to be higher (P>0.05) in group B than
in group A. The protamine-2 protein abundance in Ongole Grade bulls had
no relation to semen quality and DNA fragmentation.

1 Introduction

Ongole Grade cattle have been classified as native Indonesian cattle according to the
Indonesian Minister of Agriculture Decree No. 2907/KPTS/OT.140/6/2011. Ongole Grade
cattle are indigenous Indonesian cattle distinguished by superior reproductive
performance and rapid development traits relative to other local breeds [1]. Moreover, a
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notable benefit of these native cattle is their tolerance to tropical conditions, particularly
tropical illnesses and parasites, and their capacity to flourish under rigorous management
and restricted nutrition [2]. One initiative to augment the population of Ongole-grade
cattle is the application of artificial insemination with frozen semen. The cryopreserved
semen must possess high-quality spermatozoa for optimum fertilization. Santolaria er al.
[3] showed that spermatozoa quality in cryopreserved semen is critical to fertilization
success in artificial insemination programs.

High-quality spermatozoa must be viable, increasingly motile, possess intact plasma
membranes, exhibit normal morphology, and have robust DNA integrity [4]. Viable and
motile spermatozoa must traverse the cervix and penetrate the cumulus oophores and
zona pellucida for fertilization [5]. Tanga er a/ [4] indicated that spermatozoa require
proper morphology, viability, motility, and intact plasma membranes to fertilize oocytes
successfully. Saacke [6] asserted that a significant prevalence of defective sperm head
morphology would diminish fertilization success. The atypical shape of the spermatozoa
head is attributable to hereditary causes, including heightened DNA fragmentation [7].
The significant fragmentation of DNA impedes the embryonic process and contributes to
reduced fertility [8]. Numerous variables contributing to DNA fragmentation have been
extensively documented, including environmental influences, genetic diseases during
spermiogenesis, and chromatin structural abnormalities [9]. Simon et al [8] indicated that
reduced protamine levels were associated with increased DNA fragmentation.

There are two main variants of protamine: protamine-1, which is the most dominant
variant in various species, and protamine-Z, which has only been reported in a few species
and is still unclear regarding its role in normal spermatozoa function [10]. The decrease
in fertility in humans has been reported due to the deficiency of protamine-2 in
spermatozoa. Suganuma et al [11] also reported increased DNA fragmentation and
decreased semen quality in mice due to impaired protamine-2 gene expression. Maier et
al. [12] stated that protamine-Z was not found in bovine spermatozoa due to gene
mutations. A recent report noted that proramine-2was found in spermatozoa of Frieswal
crossbred bulls, although it did not have a specific role in semen quality [13].

In contrast, Lv er al [14] found that protamine-2is required for motility and plasma
membrane function in Yanbian Yellow bulls. Nevertheless, Indonesian bulls, especially
Ongole Grade bulls, have never been reported. As a result, this study aimed to examine
the amount of the protein protamine-2in mature spermatozoa from Ongole Grade bulls
and its relationship to semen quality and DNA fragmentation.

2 Materials and methods

2.1 Experimental samples

The material utilized in this research was cryopreserved semen generated at the Singosari
Artificial Insemination Center, Malang, East Java. They were created by the operating
requirements of the Singosari Al Center, namely SNI ISO 9001:2015 No. G.01-ID0139-
VIII-2019, under a veterinarian's supervision, considers all animal welfare principles. The
frozen semen utilized in the study was sourced from Ongole Grade bulls that had attained
sexual maturity and were in their productive period, aged 4 to 5 years. The bulls were
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subsequently categorized into two groups: group A (post-thawing motility >45%) and
group B (post-thawing motility <45%). One hundred twenty frozen semen straws were
thawed in a water bath at 37°C for 30 seconds to assess semen quality and the amount of
protamine-2 protein.

2.2 Semen quality analysis

The parameters analyzed for semen quality in this study encompassed progressive
motility, viability, plasma membrane integrity, spermatozoa head shape, and DNA
fragmentation. The increasing motility of spermatozoa was assessed using computer-
assisted semen analysis as per Pardede et al [5]. Ten microliters of the thawed semen
sample were placed on a glass slide and covered with a coverslip. Two hundred to seven
hundred fifty cells in four fields were assessed utilizing the Sperm Vision ® CASA System
with default settings for bovine spermatozoa. The vitality of spermatozoa was evaluated
using an eosin-nigrosine staining technique described by Rodriguez-Martinez [15]. A
total of 10 pl of thawed semen was placed on a glass slide and subsequently homogenized
using eosin-nigrosine staining. The smear was also prepared from the mixture and dried
on a heating table. Two hundred living and deceased spermatozoa cells were examined
and enumerated under a microscope at a magnification of 40X. Viable spermatozoa
remain unstained (transparent), whereas nonviable spermatozoa exhibit staining (red).

The integrity of the spermatozoa plasma membrane was assessed using the HOS test
method described by Pardede er al [16]. A total of 20 pl of thawed semen was added to a
microtube containing 300 pl of HOS solution. The solution was incubated in a water bath
at 37°C for 30 minutes. One drop of the solution combination was placed on the object
glass and then covered with a coverslip. Two hundred spermatozoa were seen and
enumerated under a microscope at a magnification of 40X. Spermatozoa exhibiting intact
plasma membrane integrity will demonstrate a coiled tail response. The morphology of
spermatozoa heads was examined using the carbolfuchsin-eosin staining technique
described by Pardede er al. [17]. A total of 5-10 pl of thawed semen was applied on a glass
slide and subsequently fixed using a Bunsen burner. Subsequently, it was immersed in
pure alcohol for 3-4 minutes and then dried. The desiccated smear was washed in a 2%
chloramine solution for approximately 2 minutes to eliminate mucus. The smear
preparations were rinsed in distilled water and 95% alcohol and then stained in a
carbolfuchsin-eosin solution for approximately 6 minutes. The smear was thereafter
rinsed with running water and dried. Head morphological anomalies were examined and
quantified in 500 spermatozoa cells using a microscope at 40X magnification.

The Acridine Orange (AO) staining technique assessed spermatozoa DNA
fragmentation [18]. Five to ten microliters of thawed semen were applied on a glass slide
and then fixed with Carnoy's solution for two hours. Following a 5-minute incubation in
a dark environment, the smear was treated with AO reagent and subsequently washed
with distilled water. The smear was subsequently coated and analyzed with a
fluorescence microscope at an excitation wavelength of 450-490 nm. Five hundred cells
were examined and enumerated; spermatozoa exhibiting standard DNA integrity emitted
green fluorescence, but cells experiencing DNA fragmentation displayed yellow-orange
to red fluorescence.
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2.3 Analysis of protamine-2 protein abundance

The amount of protamine-2was assessed using the enzyme-linked immunosorbent assay
(ELISA) method. Phosphate-buffered saline (PBS) solution was utilized to wash 100 pl of
thawed semen, which had been centrifuged at 3000 rpm for 15 minutes. The procedure
is conducted two times. The analysis of protamine-2 protein abundance was performed
using the bovine protamine-2 kit from MyBioSource.com. The analytical method is
initiated by adding the standard diluent and sample to the designated wells. Ten
microliters were introduced into the sample well, sealed, and incubated for 45 minutes
at 37°C. Each well was aspirated and washed with buffer four times, resulting in five
washes. Subsequently, introduce the HRP-conjugated detection antibody to each well,
cover the wells, and incubate for 30 minutes at 37°C. Introduce chromogen solutions A
and B to each healthy sample five times following aspiration and plate washing. Incubate
the plate for 15 minutes at 37°C in the dark. Subsequently, the stop solution was
introduced to each well, and the optical density (OD) was measured at 450 nm.

2.4 Statistical analysis

Data comparing semen quality and protein abundance of protamine-2in the two groups
were analyzed using the student T-test. The Spearman correlation test and simple linear
regression investigated the connection between protamine-2protein quantity and semen
quality indicators. SPSS version 25.0 was used for all data analysis in this study (IBM,
Armonk, NY, USA). The data is provided as a mean with a mean standard error (SEM).

3 Results and discussion

In comparison to group B, the progressive motility of spermatozoa in group A was
considerably greater (P<0.05) (Table 1; Figure 1). These results were then used as the basis
for grouping Ongole Grade bulls to determine semen quality and protein abundance of
protamine-2. Progressive motility is the percentage of spermatozoa that move forward.
Spermatozoa motility is the most crucial characteristic related to fertilizing and is one of
the quality controls for insemination doses before and after thawing [19]. Hirose et al. [5]
indicated that only spermatozoa exhibiting progressive motility can traverse the cervix
and reach the cumulus oophores and zona pellucida of the ovum, a prerequisite for
fertilization. Both groups in the study showed progressive motility values that were still
in the normal range, which still met the requirements of SNI 48691:2017 for post-thawing
frozen semen with progressive motility of at least 40% [20]. Pardede er al. [17] reported
that spermatozoa with progressive motility of more than 49% could produce a more than
70% conception rate.

Viability is an essential measure of sperm quality and one of the prerequisites for
spermatozoa to fertilize oocytes [21]. The viability data revealed a substantial difference
between the two motility groups, with group A being significantly greater (P<0.05) than
group B (Table 1). According to Reveco er al. [22], the proportion of spermatozoa viability
in frozen sperm considered good for Al was between 64 and 80 percent. Based on this,
the results of the percentage of viability in both groups were in good condition for
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artificial insemination. The results showed that the plasma membrane integrity in group
A was significantly higher (P<0.05) compared to group B (Table 1). The India Agri
Ministry [23] stated that at least the plasma membrane integrity of spermatozoa in frozen
semen was 40%. The integrity of the plasma membrane is critical in enhancing
spermatozoa performance since only sperm cells with intact membranes may thrive and
undergo several complicated adaptations in the female reproductive tract before
fertilizing eggs [16]. The percentage of plasma membrane integrity in both groups was
still within the normal range. The difference in semen quality in each of these groups can
be caused by various factors, including cryopreservation factors that impact semen
quality, which vary from individual to individual. The cryopreservation process will
cause a substantial decrease in the intracellular antioxidants of spermatozoa and make
them more susceptible to damage due to oxidative stress (ROS) reactions [16].

Table 1. Characteristics of frozen semen from Ongole Grade bulls in two different motility groups.

Variables Sperm motility groups
A B
Progressive motility (%) 49.86+0.77 44.29+0.51°
Sperm viability (%) 74.80+0.95 68.47+0.68°
Plasma membrane integrity (%) 74.80+0.89: 68.57+0.62°
Head defects (%) 1.91+0.122 4.02+0.13>
DNA fragmentation (%) 0.95+0.09° 3.13+0.20°

Means in identical rows with various superscripts vary significantly (P<0.05).

Several complex cellular events generate the usual morphological structure of
spermatozoa, and any modifications during these steps will affect structural abnormalities
[17]. Head anomalies are primary abnormalities during spermatozoa formation in the
testes and negatively impact fertility. The findings revealed that the proportion of
spermatozoa head abnormalities in group A was substantially lower (P<0.05) than in
group B (Table 1; Figure 1). The average spermatozoa abnormality in cows was 20%, with
overall anomalies ranging from 8% to 12% in bulls with high fertility [24]. Based on this,
the morphological abnormalities of spermatozoa in this study were still in excellent and
average condition. Saacke [6] reported that primary abnormalities could have significant
consequences for males because they occur continuously, can be passed on to offspring,
and interfere with male fertility.

DNA fragmentation will affect the inability of the embryogenesis phase and is one of
the causes of reduced fertility [25]. The results of spermatozoa DNA fragmentation
analysis using AO staining (Figure 2) showed that DNA fragmentation in group A was
substantially lower (P<0.05) than in group B (Table 1; Figure 1). DNA fragmentation in
the sperm of less than 15% is considered normal, while 15% to 25% reduces fertility, and
more than 25% is categorized as sterile males, according to D'Occhio et al. [26]. Based on
this, this study's DNA damage percentage was still within the normal range. Various
variables, including changes in the structure of specific nucleic proteins, such as
protamine, might induce DNA fragmentation alterations [27]. At the spermatozoa
maturation stage, the primary protein transition process in the nucleus, initially
dominated by histones, became protamine-mediated by transition proteins [28]. The
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expression ratio of these two proteins determines chromatin condensation in carrying out
its function of maintaining DNA integrity [27].
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Fig. 1. Graph of progressive spermatozoa motility values, DNA fragmentation, and protein
abundance of protamine-2in two motility groups.

Fig. 2. DNA fragmentation analysis using AO staining in groups A (a) and B (b): Spermatozoa with
normal DNA content will be dyed with green fluorescence, whereas those with DNA
damage will be dyed with orange to yellow fluorescence.

Protamine-2in this study was detectable and measurable overall (Figure 1). This result
is different from Maier er al. [12], who stated that protamine-2 was not found in mature
spermatozoa due to mutations in the RNA level in the testes. The protein abundance of
protamine-2in the research did not indicate any significant disparities (P>0.05) between
the two different motility groups (Figure 1), where the protein abundance of protamine-
2in group A (55.47+6.99 pg/ml) was relatively lower than in group B (64.55+5.45 pg/ml).
The study found no association between protamine-2protein quantity and semen quality
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or spermatozoa DNA fragmentation (Figure 3; Figure 4; Table 2). This finding differs from
Lv et al. [14], who found that proramine-2in Yanbian Yellow bulls has an essential effect
on semen quality, including motility and spermatozoa plasma membrane. In addition,
this is also different from that reported in mice, that DNA fragmentation occurs in
spermatozoa with protamine-2 deficiency.
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Fig. 3. Linear regression graph between protein abundance of protamine-Zand progressive motility
of spermatozoa (r=-0.003).
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Fig. 4. Linear regression graph between protein abundance of protamine-Z and spermatozoa DNA

fragmentation (r=0.180).

However, several additional research on bovine spermatozoa back up the findings of
the present study. Ganguly er al [13] found that protamine-2 in Frieswal bull’s
spermatozoa did not affect semen quality. Unlike in humans and mice, where the ideal
ratio of protamine-1and 2should be 1:1 [10], in bulls, it has been reported that although
protamine-2 is found in spermatozoa, it does not have a specific role in normal
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spermatozoa function [29]. Protamine-I is the most prevalent protamine variation,
according to Moghbelinejad er al. [30], and it plays an essential role in proper spermatozoa
function, including its link to the degree of DNA fragmentation. Protamine, conversely,
is the primary protein found in the core of the spermatozoa and is required for parental
chromosomal compaction [28]. This DNA-protamine attachment will result in a
spermatozoa nucleus that is more compact and hydrodynamic [27]. Spermatozoa with a
hydrodynamic core are essential in fertilization, as they can swim quicker and fertilize
oocytes [10].

Table 2. Correlation between protein abundance of protamine-2 and semen quality parameters

Parameter P2 PM SV MI HD SDF
P2 1 -0.003 0.070 0.087 0.240 0.180
PM (%) 1 0,867* 0,882* -0,877* -0.907*
SV (%) 1 0,963* -0,708* -0.754*
PMI (%) 1 -0,781* -0.806*
HD (%) 1 -0.944*
SDF (%) 1

**Correlation is significant at the 0.01 level; P2: protamine-Z; PM: progressive motility; SV: sperm viability;
PMI: plasma membrane integrity; HD: head defect; SDF: sperm DNA fragmentation.

4 Conclusions

The protamine-2 protein abundance in Ongole Grade bulls had no relation to semen
quality and DNA fragmentation.
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