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Metaproteomic analysis of microbial cells during cold storage
of raw milk

BIAN Yongxia, JU Ning*, GUO Rong, GOU Meng, WANG Yuanyuan

College of Food and Wine, Ningxia University, Yinchuan 750021, Ningxia, China

Abstract: Raw milk usually needs to be refrigerated at 4 °C before being put into production. In this
process, microbial contamination will cause deterioration of the refrigerated milk. [Objective] To
investigate the dynamic changes of differential proteins expressed by microorganisms during raw milk
refrigeration and thereby to lay a theoretical foundation for raw milk refrigeration [Methods]
Label-free technology was used to study the species origins and functions of microbial proteins during
the 6-day cold storage of raw milk at 4 °C and the pathways involved, screen differential proteins, and
explore the pathways of the main differential proteins to explore their changing laws. [Results] A total
of 341 microbial proteins were identified during refrigeration, of which 60.12% were detected after
3 days of freezing. The analysis of the cluster of orthologous groups (COG) of proteins and kyoto
encyclopedia of genes and genomes (KEGG) suggested that the functions of the proteins and the
pathways involved changed with time. The number of proteins involved in glycolysis/gluconeogenesis,
ATP-binding cassette (ABC) transporter, amino sugar and nucleotide sugar metabolism increased
significantly after 4 days of cold storage. The number of differential proteins at adjacent time points
gradually increased over time, and different pathways were enriched for them. [Conclusion] The
pathways involved in the proteins produced by microorganisms in raw milk during refrigeration and the
functions are complex, with the most obvious changes on the 4th day, which may be a key time point
for quality control of raw milk.

Keywords: raw milk; metaproteomics; differential proteins
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Figure 1 Venn diagram of microbial protein quantity
at each sampling time point of raw milk during
refrigeration.
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Figure 2 Principal component analysis of microbial
protein samples at each sampling time point of raw
milk during refrigeration.
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Figure 3 Graph of microbial protein annotation results for each sampling time point of raw milk during

refrigeration.
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Distribution of taxonomy
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Figure 4 Main protein species and their proportion in the samples at each time point.
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Distribution of COG category
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Figure 5 Functional classification map of raw milk microbial protein COG. B: chromatin structure and
dynamics; C: energy production and conversion; D: cell cycle control, cell division, chromosome partitioning;
E: amino acid transport and metabolism; F: nucleotide transport and metabolism; G: carbohydrate transport
and metabolism; H: coenzyme transport and metabolism; I: lipid transport and metabolism; J: translation,
ribosomal structure and biogenesis; K: transcription; L: replication, recombination and repair; M: cell
wall/membrane/envelope biogenesis; N: cell motility; O: posttranslational modification, protein turnover,
chaperones; P: inorganic ion transport and metabolism; Q: secondary metabolites biosynthesis, transport and
catabolism; S: function unknown; T: signal transduction mechanisms; U: intracellular trafficking, secretion,
and vesicular transport; V: defense mechanisms; W: extracellular structures; Z: cytoskeleton.

Distribution of COG category
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Figure 6 Distribution ratio of raw milk microbial protein COG. Note is the same as Figure 5.
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Figure 7 Analysis of changes in the number of microbial proteins involved in the KEGG pathway during the

cold storage of raw milk.
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Distribution of pathway
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Figure 8 Distribution ratio of microbial protein KEGG Pathway during raw milk refrigeration.
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Table 1 Identification results of differentially expressed protein during cold storage
Comparison . ) . L . . ) KEGG enrichment
Protein IDs Difference protein description  Change Species origin of protein
group pathway
1d/0d WP _058790836.1 Tyrosine-tRNA ligase Up Pseudomonas Aminoacyl-tRNA
psychrotolerans biosynthesis
WP_133442427.1 Septum formation initiator Up Lactobacillus sp. HSLZ-75
family protein
3d/1d WP _026727825.1 Pyridoxal phosphate-dependent Up Flavobacterium
aminotransferase denitrificans
WP _080062998.1 Chemotaxis protein CheA Up Clostridium hungatei
WP _087674308.1 Translation elongation factor Up Pseudomonas syringae
EF-1 subunit alpha
4d/3d WP_079505296.1 Elongation factor Tu Up Lactococcus piscium Quorum sensing
WP_053579372.1 MULTISPECIES: 50S Up Acinetobacter Galactose
ribosomal protein L7/L12 metabolism
WP _103230885.1 actin, cytoplasmic 2 Down  Clostridium sp. chh4-2
6d/4d WP_003138831.1 MULTISPECIES: cold-shock  Up Lactococcus Viral
protein carcinogenesis
WP_103230885.1 Actin, cytoplasmic 2 Up Clostridium sp. chh4-2 Alcoholism
WP_079864572.1 Hypothetical protein Up Acinetobacter baumannii
WP _019781240.1 Galactose-6-phosphate Down  Streptococcus sobrinus
isomerase subunit LacB, partial
WP 129751688.1 Hypothetical protein Down  Flavobacterium beibuense
WP 133442427.1 Septum formation initiator Down  Lactobacillus sp. HSLZ-75
family protein
WP_029161742.1 Transporter Down  Clostridium scatologenes
WP_058790836.1 Tyrosine-tRNA ligase Down  Pseudomonas psychrotolerans
PZQ37592.1 RNA polymerase subunit sigma Down  Pseudomonas putida
EUJ34615.1 Monovalent cation/H+ Down  Brochothrix thermosphacta
antiporter subunit A
WP _109833933.1 Type I glyceraldehyde- Down  Lactococcus piscium
3-phosphate dehydrogenase
WP_057740323.1 Glyoxalase Down  Lactobacillus alimentarius
WP_079505296.1 Elongation factor Tu Down  Lactococcus piscium

3 itk
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