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The giant panda (Ailuropoda melanoleuca), a vulnerable
species and an icon of wildlife conservation, is still at risk
due to habitat fragmentation and a low reproductive rate. To
further safeguard the giant panda from extinction, a captive
breeding program was established in the mid 1980’s, how-
ever the growth of this population has been hindered by the
poor reproductive ability of captive male giant pandas. To ad-
dress this, we investigated the sperm proteome of the giant
panda as detailed information on sperm proteome is unavail-
able, as it is a highly specialized area of study. A study of
adult panda sperm proteome identified 1921 proteins with
enriched domains, including EF-hand, AAA+ ATPase, and WD
40 repeat. A comparison with four other species revealed
common sperm proteins related to metabolic processes, es-
pecially glycolysis and citrate cycle, which are crucial for
sperm energy. Panda-specific proteins were mainly associ-
ated with cellular protein metabolism. Serpin domain-related
proteins may play a key role in panda semen properties
and liquefaction, involving prefoldin beta-like and heat shock
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chaperonin-binding. This research contributes to understand-
ing giant panda reproduction and aids in conservation efforts.
© 2024 The Author(s). Published by Elsevier Inc.

This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/)
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The six giant pandas’ sperm samples were collected by electroejaculation,
centrifuged at 900 x g for 30 min, collected sperm cells, transported to 1.5 mL
tubes, and frozen at —80 °C. Sonicated the samples, add a lysis buffer,
centrifuge, collect the supernatant, reduce and alkylated before being mixed
with acetone and incubated. Then, it was centrifuged again, and the resulting
precipitation was collected and washed. The pellet was dissolved in a
dissolution buffer, and the protein concentration was measured using the
Bradford protein assay. The supernatant was digested with Trypsin Gold, and
the resulting peptides were desalted and dried before being analyzed using
shotgun proteomics.

The resulting spectra were searched against a specific database using Proteome
Discoverer 2.2. Protein identification was performed using a false discovery
rate (FDR) of less than 1.0 %, and precursor quantification was used for
label-free quantification. Gene Ontology (GO) and Inter Pro (IPR) analysis were
conducted using the InterProScan-5 program (EMBL-EBI) against the
non-redundant protein database. In contrast, COG and KEGG were used to
analyze protein families and pathways. Finally, the STRING-db server predicted
probable interacting partners based on related species. Using an enrichment
pipeline, GO, IPR, and KEGG enrichment analyses were performed.

Institution: Chengdu Giant Panda Breeding Base

City: Chengdu

Country: China

The mass spectrometry proteomics data have been deposited to the Proteome
Xchange Consortium via the iPro X partner repository.
(URL:http://proteomecentral.proteomexchange.org; Project ID: PXD051077)

1. Value of the Data

 These data provide comprehensive and standardized Sperm protein enrichment domains and

protein identification results.

» The dataset also includes the interactions between proteins within a biological system and
reveals the function of the unique Panda protein.

 Other researchers can use these data to investigate protein interactions in spermatids further.

» The samples used for this study were obtained during routine semen collection and were
conducted through the cryogenic storage processes

2. Background

The giant panda (Ailuropoda melanoleuca) is a charismatic species recognized globally as a
symbol of conservation. However, the panda’s survival is still threatened by various factors, in-
cluding habitat loss and low reproductive rates. To safeguard the giant panda from extinction,
a captive breeding program was established in the mid 1980’s. While considered a success, the
growth of this ex-situ population has been hindered by the poor reproductive ability of cap-


http://creativecommons.org/licenses/by-nc/4.0/
http://proteomecentral.proteomexchange.org

S. Liu, T. Wang and Y. Liu et al./Data in Brief 57 (2024) 111052 3

Protein domain
Dynein heavy chain, coiled coil stalk 13
Serine proteases, trypsin domain 14
Short-chain dehydrogenase/reductase SDR 14
Dynein heavy chain 14
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Immunoglobulin-like domain 15
Tetratricopeptide repeat-containing domain 15
Proteasome, subunit alpha/beta 16
Thioredoxin domain 16
Tetratricopeptide repeat 16
Small GTPase superfamily 18
Mitochondrial substrate/solute carrier 18
Leucine-rich repeat 19
Protein kinase domain 23
1Q motif, EF~hand binding site 24
'WD40-repeat-containing domain 25
Intermediate filament protein 26
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AAA+ ATPase domain 34
EF-hand domain 42
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Number of Protein

Fig. 1. The Venn diagram displays the annotation results of the identified proteins in four databases (A) and shows IPR
annotations (B). The bar represents the number of proteins.

tive male giant pandas. As the giant panda is particularly vulnerable to stochastic processes, a
comprehensive understanding of their genetic health status is crucial for the continued conser-
vation of this vulnerable species [1]. One of the critical aspects of understanding and improving
panda health and reproduction in captivity is the study of their sperm proteome. Sperm cells
are specialized reproductive cells that play a crucial role in fertilization. The proteome of sperm
encompasses a diverse array of proteins that are involved in various cellular processes, including
sperm maturation, motility, capacitation [2,3], and interaction with the female reproductive tract
[4]. The sperm proteome of several species have previously been studied, including mice [5],
zebra finches [6], oysters [7], horses [8], and humans [9]), using techniques such as mass spec-
trometry to identify and quantify the proteins with previous research focusing on issues related
to sperm development, quality, and infertility, though deep comprehensive, former research is
lack of system and depth, in-depth study of sperm protein group helps further to study the re-
lationship between sperm and animal breeding, look for ways to improve animal reproduction
rate, it is especially important for endangered species.

3. Data Description

A label-free shotgun proteomic approach was used to identify 1921 proteins in the sperm
cells. Functional annotations were performed on these proteins using several databases, includ-
ing GO, IPR, KEGG, and IPR. The majority of the proteins were successfully annotated, as shown
in Fig. 1A. The results of the IPR annotation show these proteins mainly enriched EF-hand do-
main, AAA+ ATPase domain, and WD 40 repeat domain (Fig. 1B).

Gene names corresponding to proteins were used consistently across different species to fa-
cilitate comparative analysis. By comparing the seminal plasma proteins identified in pandas
with those of human [10], pig[11], sheep[12], and horse [13], it was found that giant pandas
share 43 genes (corresponding to 43 proteins) with these species, while also having 596 unique
genes. Functional enrichment analysis revealed that the shared proteins were enriched in the
metabolic process and single organism process/metabolic process (Fig. 2A), meanwhile primar-
ily participating in carbon metabolism, glycolysis/gluconeogenesis, the citrate cycle (TCA cycle),
and the glucagon signaling pathway (Fig. 2B). The interactions between proteins within a bi-
ological system were studied using PPI analysis. This analysis revealed several node proteins
Fig. 2C, including l-lactate dehydrogenase (D2HUS89), citrate synthase (G1LAU6), alpha-enolase
(G1LB18), pyruvate dehydrogenase E1 subunit beta (G1M029), chaperonin containing TCP1 sub-
unit 2 (G1LZI4), glucose-6-phosphate isomerase (D2HRQ?7), malate dehydrogenase (G1LWG5),
and phosphoglycerate kinase (D2H1P3 (Fig. 2C). These proteins are involved in various metabolic
processes such as glycolysis, the citric acid cycle, and protein folding.
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Fig. 2. The GO (A) and Pathway (B) analysis of common sperm cell proteins in giant pandas and other four species, then
the PPI interactions were analyzed (C).

In the comparative analysis, it was observed that the majority of proteins were specific to
giant pandas. This could be due to the unclear annotation of proteins in this species. Functional
analysis was performed on these unique panda proteins, revealing their involvement in bind-
ing functions. These proteins are associated with cellular protein metabolic processes, cellular
macromolecule metabolic processes, and biosynthetic processes. These biological processes pri-
marily occur within intracellular organelles (Fig. 3A). We further found that these proteins are
the serpin family or contain serpin domain through IPR analysis, prefoldin beta-like, and heat
shock chaperonin-binding proteins exhibit more prominent features (Fig. 3B).

Overall, the giant panda sperm proteome is particularly important in the context of as-
sisted reproductive techniques and ex-situ conservation efforts. It helps in identifying potential
biomarkers for sperm quality and fertility, as well as understanding the impact of various factors
on sperm function and viability. It’s important to note that the information provided is based on
the available research and may not represent the most current findings. Further studies and re-
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Fig. 3. The GO (A) and Pathway (B) analysis of pandas-specific sperm cell proteins compared to the other four species.

search are necessary to gain a more comprehensive understanding of the factors affecting giant
panda fertility and develop strategies to improve their reproductive success in captivity.

4. Experimental Design, Materials and Methods

To address the lack of knowledge of the giant panda sperm proteome, the present study
aimed to identify whole proteome profiles of the giant panda seminal plasma using a gel-
free, label-free shotgun proteomics approach. Sperm cells from six sexually mature giant pan-
das (aged between 9 and 16 years) were simultaneously collected by electroejaculation during
the giant panda breeding season according to previous methodology, and the six giant pandas’
sperm samples were mixed into a sample [14]. Semen was collected into a plastic container, and
centrifugation was immediately performed; an aliquot of 0.5 mL of fresh semen was centrifuged
at 900 x g for 30 min at 4 °C, seminal plasma was discarded, and sperm cells were transported
to 1.5 mL tubes and frozen at —80 °C until further use. The samples used for this study were
obtained during routine semen collection for artificial insemination, and the cryogenic storage
processes were conducted at the Sichuan Key Laboratory of Conservation Biology for Endangered



6 S. Liu, T. Wang and Y. Liu et al./Data in Brief 57 (2024) 111052

Wildlife, Chengdu Research Base of Giant Panda Breeding. Specifically, an aliquot of stored sperm
intended for insemination was selected for metabolomics investigation.

Sonication was used to break samples down, and a lysis buffer was added to prepare them
for analysis. The lysate was then centrifuged and the supernatant was transferred to a clean
tube. Next, the extracts were reduced and alkylated before being mixed with acetone and in-
cubated. The samples were then centrifuged again and the resulting precipitation was collected
and washed. Afterward, the pellet was dissolved in a dissolution buffer and the protein con-
centration was measured using the Bradford protein assay. The supernatant from each sample
was digested with Trypsin Gold and the resulting peptides were desalted and dried before being
analyzed using shotgun proteomics. This involved injecting the peptides into a column and sep-
arating them using a linear gradient. The resulting spectra were then searched against a specific
database using Proteome Discoverer 2.2 (PD 2.2, Thermo Fisher Scientific-CN).

Protein identification was performed using a false discovery rate (FDR) of less than 1.0 %, and
precursor quantification was used for label-free quantification. Gene Ontology (GO) and InterPro
(IPR) analysis were conducted using the InterProScan-5 program (EMBL-EBI) against the non-
redundant protein database (including Pfam, PRINTS, ProDom, SMART, ProSiteProfiles, PANTHER)
[15]. In contrast, COG and KEGG were used to analyze protein families and pathways. Finally, the
STRING-db server predicted probable interacting partners based on related species [16]. GO, IPR
and KEGG enrichment analyses were performed using an enrichment pipeline [17].

Limitations

Due to the rarity and special status of panda species, this project concerns biological sample
collection; a mix of six individuals provides enough sperm samples to test the protein group,
but it lacks biological reproducibility.

Ethics Statement
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