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[Abstract] Objective To analyze the proteomic differences between mouse secondary oocytes, also known as
metaphase Il oocytes (M 11 ), and the first polar bodies (PB1) using high-resolution single-cell proteomics, to identify key
proteins regulating embryonic development, and to provide a molecular basis for optimizing in vitro oocyte maturation
systems. Methods  Paired samples of M Il (n = 5) and PB1 (n = 5) were analyzed using high-resolution single-cell mass
spectrometry (timsTOF HT). Quantitative proteomics and bioinformatics approaches were employed to conduct
differential protein screening and functional enrichment. Results ~ Using the timsTOF HT platform, we achieved the
detection of over 3000 proteins per single cell and identified 277 proteins specifically enriched in M 1. Gene Set
Enrichment Analysis (GSEA) revealed that these M II -specific proteins were significantly enriched in gene regulation and
DNA damage repair pathways associated with mitochondrial energy metabolism. Cross-species GSEA comparison
between human and mouse homologs demonstrated elevated expression of heat shock proteins, including Hsp90bl,
Hspa5, etc., in the mTORC1 pathway in MIl (P < 0.05). In addition, key factors regulating cumulus complex
development, such as Calr, Aldoa, etc., were significantly upregulated. Conclusion M I strategically retains proteins
essential for embryonic development through asymmetric division. The timsTOF HT platform demonstrated superior
sensitivity in analyzing and identifying these proteins. According to the protein analysis results, the distribution of
mTORCI1 pathway proteins indicates that they play a key role in embryonic metabolism regulation. In particular, heat
shock proteins facilitate protein folding and maintain endoplasmic reticulum homeostasis, thereby ensuring oocyte
maturation and the embryonic developmental potential.
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Fig1 Principal component analysis(PCA) of secondary oocytes (M II)
and first polar bodies (PB1)
M 1I': secondary oocytes, also known as metaphase I oocytes; PBI1: first

polar body.



% 2 Y

VIS PTAE: A B AR O R AN 55— WA B e 0 R 2 S R 1 AL SR A 421

BRI 5 56— AR AR ) 2 ) 2 5 P

I TR 1 (F12), & BS54 Uk 9 B+ 41 i 1
SRR AR, HAE — MR i 8 R >
TR PR AU, PRI D00 BB 200 A 5 — Y Bl oy 24
R BT TP AR PR, BT R R R R R
PR . N RARDITE 1 R IR B2 I 2H P s
A IEE, T AYE B2,
22 REPEBHREBEEANEDERESWN

PR VB 2 4 8 I — (R A B, 25015 3]
39584k [, Horh R G BBk AN i AR S LA 277 . AR
PP E T HY R, S REET 108 & g
Pole2. Tepl. Pidk2b. Tk2, Abi2, Pdcd2. Bcl7c. Btbd16.
Noct, KIhI8, H EZ I ReA s EAL, W, 5. i
A2 AR DA R AR S AR T R R A L B, AR E
FERE IR R OB -BR A1 M Rr A 2R 1 21T GSEA, R BL30Z 554
DR 1 E [ (113), Hovh & AR fie 22 138 A LR (AR JE R
F35(GO: 0140053) . mRNARIF 1 #2 (GO: 1116071) .
016 BRI #E 11 (GO: 0006623) . RNAR A 11 5 5h 1
{8 SR AL IR 45 (GO: 0006367) . DNAXUEE KT 2416 & (R-

[ log,(iBAQ+1)

2 PB1
M1

1
0

il ﬂw -T!r,.,-aﬂv‘lv“'rﬂ. Ar

2 KRBT E— R R R E ST
Fig 2 Heatmap analysis of secondary oocytes (M Il ) and first polar bodies
(PB1)

MMU-5693532) L\ K S Fi 119 ZE ff (R-MMU-180786) 55 .
TR G OB 40 IR 2R | R 3R 3k K AR . DNATR 4
BEMCEARE, X NGB ET . ZHh.
I 20 B 53 24 B i 7R A A SR T i 5

0 2 4 6 8 10
~lg(P)

GO0:0140053: mitochondrial gene expression

GO0:0016071: mRNA metabolic process

GO:0006623: protein targeting to vacuole

GO0:0006367: transcription initiation at RNA polymerase Il promoter
R-MMU-5693532: DNA double-strand break repair

R-MMU-180786: Extension of telomeres

R-MMU-6807505: RNA polymerase Il transcribes snRNA genes
R-MMU-1660516: Synthesis of PIPs at the early endosome membrane
G0:0032790: ribosome disassembly

G0:0051298: centrosome duplication

GO0:0043632: modification-dependent macromolecule catabolic process
G0:0000963: mitochondrial RNA processing

G0:0050657: nucleic acid transport

GO0:0045649: regulation of macrophage differentiation

GO:0051865: protein autoubiquitination

R-MMU-975576: N-glycan antennae elongation in the medial/trans-Golgi
GO0:0043029: T cell homeostasis

GO:0062014: negative regulation of small molecule metabolic process
WP310: mRNA processing

GO:0070306: lens fiber cell differentiation

3 REMEBAMSEEAMNGOE RS
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Fig 5 Differential analysis of mTORCI signaling pathway in secondary oocytes (M Il ) and first polar bodies (PB1)

A, GSEA of the mTORCI signaling pathway in M Il and PB1; B, heatmap plot of significantly different proteins clustered in the mTORCI signaling pathway; C,

protein expression of Hsp90b1 and Hspa5 between mouse M Il and PB1 (1 = 5).
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