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RINGKASAN

TULUS MAULANA. Kajian Proteomik dan Metabolomik pada Sperma dan
Plasma Semen Kerbau Toraya. Dibimbing oleh ASEP GUNAWAN, JAKARIA,
RADEN IIS ARIFIANTINI dan SYAHRUDDIN SAID.

Kerbau toraya merupakan salah satu rumpun kerbau lokal Indonesia yang
memiliki nilai strategis dalam sektor peternakan serta berperan penting dalam
budaya tradisional masyarakat Toraja. Kualitas semen, yang mencakup parameter
sperma dan plasma semen, menjadi indikator utama dalam mendukung
keberhasilan ~ program inseminasi buatan (IB). Informasi mengenai
biomarkabiomarka molekuler yang merefleksikan fungsi reproduksi pada kerbau
toraya namun, masih sangat terbatas.

Penelitian ini bertujuan untuk mengevaluasi karakteristik semen serta
mengidentifikasi profil protein dan metabolit pada sperma dan plasma semen
kerbau toraya. Penelitian terdiri atas tiga tahap: (1) karakterisasi semen dan profil
elektroforesis protein sperma dan plasma semen, (2) analisis proteomik sperma dan
plasma semen, (3) analisis metabolomik sperma dan plasma semen, untuk
eksplorasi biomarka fungsi sperma dan potensi reproduksi kerbau jantan toraya.

Sampel semen dikoleksi dari delapan ekor kerbau toraya jantan berumur 4—
10 tahun menggunakan vagina buatan. Analisis semen segar dilakukan secara
makroskopis dan mikroskopis, sedangkan evaluasi semen beku mencakup
parameter motilitas, kinematik sperma, viabilitas, morfologi abnormal, integritas
membran dan akrosom, potensi membran mitokondria (MMP), integritas DNA,
serta defisiensi protamin (PRM) sperma. Konsentrasi protein ditentukan
menggunakan metode bicinchoninic acid assay (BCA), dan profil protein dianalisis
menggunakan 1D SDS-PAGE dengan gel gradien 4%—20% dan penanda protein
6,5-240 kDa. Analisis proteomik dilakukan melalui metode in-gel digestion dan
analisis LC-MS/MS, diikuti dengan anotasi bioinformatik menggunakan UniProt,
PANTHER, DAVID, dan STRING. Analisis metabolomik dilakukan melalui
ekstraksi, derivatisasi, dan analisis GC-MS, dengan identifikasi metabolit berbasis
pustaka NIST dan analisis statistik menggunakan MetaboAnalyst 6.0.

Hasil penelitian menunjukkan bahwa kualitas semen segar dan beku kerbau
toraya memenuhi standar kelayakan untuk program IB, dengan rerata total sperma
motil per ejakulat sebesar 1.326,61£714,99x10° dan jumlah straw per ejakulat
sebesar 54,064+28,59 dosis. Terdapat perbedaan signifikan (P<0,05) antar individu
pada beberapa parameter sperma, namun tidak ditemukan perbedaan signifikan
(P>0,05) pada hasil imunofluoresensi terkait akrosom utuh, defisiensi protamin,
integritas-MMP, dan fragmentasi DNA. Profil protein plasma semen menunjukkan
12—19 pita protein (11-155 kDa) dengan konsentrasi rerata 161,41+12,41 pg/mL,
sedangkan sperma menunjukkan 4—13 pita protein (6—240 kDa) dengan konsentrasi
77,29£39,26 ng/mL.

Analisis proteomik berhasil mengidentifikasi empat protein reproduksi
utama, yaitu ADAM32 pada plasma semen, serta ZPBP, SPACA3, dan CCDC136
pada sperma. Protein-protein ini diketahui berperan dalam motilitas sperma,
produksi energi, dan pembentukan akrosom., Sejumlah protein juga terkait dengan
jalur metabolik, termasuk siklus asam trikarboksilat (TCA), yang penting dalam
penyediaan energi bagi sel sperma dan lingkungan plasma semen.
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Analisis metabolomik mengidentifikasi sepuluh kelompok utama metabolit,
termasuk asam karboksilat, asam lemak, dan steroid. Asam karboksilat
mendominasi plasma semen, sementara senyawa fatty acyl lebih banyak ditemukan
pada sperma. Analisis PCA dan PLS-DA menunjukkan pemisahan yang jelas antara
kedua jenis sampel. Nilai variable importance in projection (VIP), menunjukkan
metabolit utama yang berpotensi sebagai biomarka reproduksi adalah kreatinin,
docosahexaenoic acid (DHA), dan asam o-ketoglutarat. Metabolisme galaktosa
mendominasi pada plasma semen, sedangkan metabolisme glikoksilat dominan
pada sperma.

Kesimpulan penelitian ini adalah kualitas semen segar dan beku kerbau toraya
memenuhi standar untuk digunakan dalam program inseminasi buatan. Analisis
SDS-PAGE menunjukkan pita protein dominan pada berat molekul 16, 50, 70, dan
115 kDa. Protein kunci seperti ZPBP, SPACA3, dan CCDC136 ditemukan pada
sperma, sedangkan ADAM32 diidentifikasi pada plasma semen. Analisis
metabolomik mengungkap keberadaan kreatinin, DHA, dan asam a-ketoglutarat
sebagai kandidat biomarka potensial untuk menilai fungsi reproduksi pejantan
kerbau toraya.

Kata kunci: Biomarka reproduksi, karakteristik sperma, kerbau toraya,
metabolomik, proteomik
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SUMMARY

TULUS MAULANA. Proteomic and Metabolomic Study in Toraya Buffalo Sperm
and Seminal Plasma. Supervised by ASEP GUNAWAN, JAKARIA, and RADEN
IIS ARIFIANTINI, SYAHRUDDIN SAID.

The Toraya buffalo is an indigenous Indonesian breed with strategic value

in livestock development and a central role in the traditional culture of the Toraja
community. In the context of supporting artificial insemination (AI) programs,
semen quality comprising sperm and seminal plasma characteristics serves as a key
indicator of reproductive performance. However, molecular biomarkers that reflect
reproductive function in Toraya buffalo remain poorly characterized.
This study aimed to evaluate semen characteristics and to identify protein and
metabolite profiles in sperm and seminal plasma of Toraya buffalo. The research
comprised three stages: (1) semen characterization and protein profiling of sperm
and seminal plasma by electrophoresis, (2) proteomic analysis of sperm and seminal
plasma, and (3) metabolomic analysis of sperm and seminal plasma, to explore
potential biomarkers associated with sperm function and the reproductive potential
of Toraya buffalo bulls.

Semen samples were collected from eight Toraya buffalo bulls aged 4-10
years using an artificial vagina. Fresh semen was evaluated macroscopically and
microscopically, while frozen semen was assessed for motility, sperm kinematics,
viability, morphological abnormalities, membrane and acrosome integrity,
mitochondrial membrane potential (MMP), DNA integrity, and protamine
deficiency (PRM). Protein concentrations were determined using the bicinchoninic
acid (BCA) assay, and protein profiles were analyzed via 1D SDS-PAGE with 4%—
20% gradient gels and protein markers ranging from 6.5 to 240 kDa. Proteomic
analysis involved in-gel digestion followed by LC-MS/MS. Bioinformatic tools
including UniProt, PANTHER, DAVID, and STRING were used for gene
annotation. Metabolomic analysis involved metabolite extraction and derivatization
followed by gas chromatography—mass spectrometry (GC-MS). Metabolite
identification and quantification were performed using the NIST library, and
statistical analyses were conducted using MetaboAnalyst 6.0.

The results showed that both fresh and frozen semen of Toraya buffalo met
the quality standards for Al programs, with an average of 1,326.61+714.99x10°¢
motile sperm per ejaculate and 54.06+28.59 insemination doses (straws) per
ejaculate. Significant individual variation (P<0.05) was observed in several sperm
parameters, while no significant differences (P>0.05) were found in acrosome
integrity, PRM, MMP, or DNA integrity based on immunofluorescence analysis.
Seminal plasma proteins exhibited 12—-19 bands (11-155 kDa) with a mean
concentration of 161.41+12.41 pg/mL, while sperm proteins showed 4—13 bands
(6240 kDa) with a mean concentration of 77.29+39.26 pg/mL.

Proteomic analysis successfully identified four key reproductive proteins:
ADAM32 in seminal plasma, and ZPBP, SPACA3, and CCDC136 in sperm. These
proteins are known to play roles in sperm motility, energy production, and
acrosome formation. Additionally, numerous proteins were associated with
metabolic pathways, particularly the tricarboxylic acid (TCA) cycle, which is
crucial for energy provision in sperm and seminal plasma.
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Metabolomic profiling identified ten major metabolite groups, including
carboxylic acids, fatty acids, and steroids. Carboxylic acids predominated in
seminal plasma, while fatty acyl compounds were dominant in sperm. PCA and
PLS-DA analyses revealed a clear separation between sample types, and Variable
Importance in Projection (VIP) analysis identified key metabolites. Galactose
metabolism was predominant in seminal plasma, whereas glyoxylate metabolism
dominated in sperm. Creatinine, docosahexaenoic acid (DHA), and alpha-
ketoglutaric acid were identified as potential biomarkers for male reproductive
performance.

Conclusion, both fresh and frozen semen from Toraya buffalo meet the
eligibility standards for artificial insemination programs. SDS-PAGE analysis
revealed dominant protein bands at 16, 50, 70, and 115 kDa. Key proteins ZPBP,
SPACA3, and CCDC136 were identified in sperm, while ADAM32 was found in
seminal plasma. GC-MS-based metabolomic analysis identified creatinine, DHA,
and alpha-ketoglutaric acid as potential biomarkers for assessing reproductive
potential in Toraya buffalo bulls.

Keywords: metabolomic, proteomic, reproductive biomarker, Toraya buffalo,
semen characteristic.
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