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Abstract:  Milk fat globule membrane ( MFGM )
Y #5 B #1:2025-09-05 proteins play essential roles in lipid metabolism, immune
EETHE : 11 FBHIFBEPTEEA I (SASA202405) ; X BLAC defense, and the regulation of lactation. In this study, the
AR M A A 2R 01 S 1 AT BA S E (SCCXTD-2024-
26) s EZ G A AR R ITH (CARS-43-D-1) ; 1)1 7
BHEMIOCT H (2021YFYZ0033 ) 5 PU 1145 0 B 32 17 %

asymmetric track lossless mass analyzer-data-independent
acquisition ( Astral-DIA) mass spectrometry platform was

employed to profile the MFGM proteome of Sichuan rabbits

(SASA2025CZYX004)
VEBRA SRR (1983-) T WIRI MM B+, BIBFSE 5, Wige s across three lactation stages: early lactation (MM1) , mid-
[ AR RIBEFFSESE, (E-mail) 215640832@ gq.com lactation (MM21) , and late lactation ( MM35). A total of

BIAEE : 220, (E-mail) licongyan0311@ sina.com 2 937 MFGM proteins were identified, of which 1907
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were consistently present throughout all lactation stages. Comparative analyses revealed 1 331 differentially expressed
MFGM proteins (DEMPs) between early lactation and late lactation, 458 DEMPs between mid-lactation and late lactation,
and 1 351 DEMPs between early lactation and mid-lactation. Functional annotations based on KEGG pathway analysis, egg-
NOG classification, Pfam domain identification, and subcellular localization prediction uncovered distinct stage-specific
roles of MFGM proteins: those in early lactation were predominantly linked to immune function, while proteins in mid-
lactation and late lactation were functionally stable and mainly involved in nutrient metabolism. Time-course expression
patterns of characteristic MFGM proteins were further dissected using optimized Mfuzz clustering, and eight representative
proteins were identified and functionally characterized. The MFGM proteins of Sichuan rabbits exhibited complex functional
characteristics related to lipid metabolism, vesicle trafficking, signal transduction, and immune protection, supporting both
energy supply and innate immunity in neonates. This study elucidates the specific proteomic characteristics and biological

significance of MFGM proteins during lactation, providing an important foundation for subsequent research on the functional

roles of MFGM proteins in milk secretion and development of newborn rabbit pups.
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Fig.1 Quality control analysis results of milk fat globule membrane proteins in Sichuan rabbits
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Table 1 Correlation coefficients between milk samples of Sichuan rabbits

FEA MMI1_1 MM1_2 MMI1_3 MM21_1 MM21_2 MM21_3 MM35_1 MM35_2 MM35_3
MMI_1 1.000 0.969 0.971 0.527 0.508 0.529 0.484 0.461 0.486
MM1_2 0.969 1.000 0.962 0.532 0.513 0.533 0.480 0.456 0.482
MM1_3 0.971 0.962 1.000 0.523 0.504 0.524 0.473 0.450 0.474
MM21_1 0.527 0.532 0.523 1.000 0.994 0.996 0.636 0.622 0.637
MM21_2 0.508 0.513 0.504 0.994 1.000 0.995 0.629 0.616 0.630
MM21_3 0.529 0.533 0.524 0.996 0.995 1.000 0.635 0.621 0.637
MM35_1 0.484 0.480 0.473 0.636 0.629 0.635 1.000 0.993 0.995
MM35_2 0.461 0.456 0.450 0.622 0.616 0.621 0.993 1.000 0.993
MM35_3 0.486 0.482 0.474 0.637 0.630 0.637 0.995 0.993 1.000

MM1 MM21 MM35 DLE 1 3, MMI1_1 MM1_2 MM1_3 53 5ICRMFL AT 3 AFLiTFES , MM21_1 MM21_2 MM21_3 43Szl i 3 42
RS, MM35_1 MM35_2 MM35_3 43 5IC R L 3 FLitkEs:

cGMP-PKG {5538 s 25 Bl AL 5 ORGE 6 S 2 o3 iR AT e B A 1 B4l 27 2 A, 45 2R (181 4A) &

) 307 5 3 % B, L e 31 5 LS 3T A e, b L R 3 e AR A
23 M pIHAEMI EHIBEKRIEER 458 F DEMP , Hoi 156 Fh I #5834 ,302 Fh R 5R
RS EER 5, BRANES R (K 4B) W, 5 EL S A

XF 0T pR fe b 2L A 4 5 2L S #H MFGM B H e, WL IFL I T A DEMP FE 3N s, Hirp
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Fig.2 Functional annotation and classification results of milk fat globule membrane proteins in Sichuan rabbits
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Fig.3 Differential analysis of milk fat globule membrane (MFGM) proteins between early lactation and mid-lactation in Sichuan rabbits
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