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摘要：

本研究旨在探究按摩对健康人尿液蛋白质组造成的影响。在该项研究中，受试者接受时长为 1h 的

全身按摩，在按摩前和按摩后 2、24 h 收集尿液样本并使用液相色谱-串联质谱技术 (LC-MS/MS) 对

尿蛋白进行分析。与按摩前相比，按摩后 2h 组共鉴定到 41 个差异蛋白，随机平均可产生的差异蛋

白数为 11 个，可信度为 73%，差异蛋白富集到的生物学过程有儿茶酚胺生物合成过程，该过程与促

进代谢和神经活动调节有关；按摩后 24 h 组鉴定到的差异蛋白降低到 29 个差异蛋白，随机平均可

产生的差异蛋白数为 10 个，差异的可信度降低到 65%，此时不能富集到有效的生物学过程。结果表

明：按摩后 2h 尿蛋白的差异更大，而按摩后 24h 该差异逐渐变小。尿液蛋白质组有可能反映微小

按摩刺激后机体的变化，这提供了一种有潜力评价按摩疗法作用的方法。
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Abstract：This study aimed to explore the effect of massage on the urine proteome of healthy people.
In this study, participants underwent 1-hour whole body massage. Urine samples were collected at 0,
2, and 24h after the massage and urine proteins were analyzed using liquid chromatography-tandem
mass spectrometry (LC-MS/MS). Compared with the control (before massage), 41 differential
proteins were identified in the group 2h after the massage, the random mean number of differentially
produced proteins was 11 with 73% confidence, and the biological process of protein enrichment was
catecholamine biosynthesis, which was related to the promotion of metabolism and the regulation of
neural activities. While 29 differential proteins were identified in the group 24h after the massage, the
random average number of differential proteins produced was 10, with the confidence of the
difference decreased to 65%, and the effective biological process could not be enriched at this time.
The results suggested that the difference in urine protein was greater at 2h after the massage and
gradually decreased at 24h after the massage. The proteome of urine may reflect changes in the body
following minor massage stimuli, providing a potential way to evaluate the effects of massage
therapy.
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1材料与方法
1.1 尿液样本的收集

6 6 22-26

2h 24h

T0 2h
24h T1 T2 18 3000 g

30 min −80

1.2 尿液蛋白的提取和蛋白酶解
4ml 4 12000 g 30 3

12 000g 30 8mol/L 2
mol/L 25mmol/L 50 mmol/L Tris Bradford

FASP [8] 10kDa PALL
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UA 8mol/L 0.1mol/L Tris-HCl pH 8.5 25mmol/LNH4HCO3

20 mmol/L Dithiothreitol, DTT, Sigma 37 1
50 mmol/L Iodoacetamide, IAA, Sigma 30 UA NH4HCO3

1 50 Trypsin Gold, Promega, Fitchburg, WI, USA 37
HLB Waters, Milford,

MA -80

1.3 LC-MS/MS串联质谱分析
0.1% BCA 0.5

g/ L 9ul pH (Thermo
Fisher Scientific) Fractions 0.1%

iRT 10 1 iRT Biognosis
Fractions 1ug EASY-nLC1200 (ThermoFisher Scientific, USA)

90 A 0.1% B
80% Orbitrap Fusion Lumos Tribird Thermo Fisher Scientific,
USA DIA 3

1.4 数据分析
10 DDA DDA

Proteome Discoverer 2.1 PD DIA m/z
DIA Spectronaut

X DIA raw
q value<0.01

1.5 统计学分析
3

Fold change 2 0.5
t P 0.01

1.6 随机分组分析
T1 n=6 T0 n=6 12 462

T2 n=6
T0 n=6

1.7 生物信息学分析
https://www.omicsolution.org/wkomic/main/ HCA

[9] DAVID 6.8 https://david.ncifcrf.gov/
3 [10] https://pubmed.ncbi.nlm.nih.gov

2结果与分析
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2.1 按摩前后尿蛋白组变化
18 LC MS/MS

3 917 2 FDR<1%
2h

24h 1

图 1 按摩前后整体尿液蛋白质组的非监督聚类分析

Figure 1 Unsupervised cluster analysis of all proteins in control and experimental groups.
(A) 0-2h . (B)0-24h.

T1 T2 T0
2 0.5 P<0.01 3

T0 T1 41 3 38 T2
29 1 28 T1 T2

1 T1 2 T2

1 T1
Table 1 The differential proteins identified at T1 .

Accession Protein name Trend Fold change P-value

A0A075B6Q2 Formin-binding protein 1-like (Fragment) ↓ 0.45 9.55E-03
A0A087WV24 Aromatic-L-amino-acid decarboxylase ↓ 0.33 7.03E-04
A0A0B4J1R4 4-hydroxyphenylpyruvate dioxygenase ↓ 0.27 6.71E-03
A0A0U1RQQ1 F-actin-uncapping protein LRRC16A (Fragment) ↓ 0.26 6.04E-03
A0A7I2V676 UTP--glucose-1-phosphate uridylyltransferase ↓ 0.37 9.46E-03

C9JIF9 Acyl-peptide hydrolase ↓ 0.48 8.64E-03
J3KND8 Phe-4-monooxygenase ↓ 0.39 4.55E-03
M0R0Y3 RuvB-like helicase ↓ 0.44 5.94E-03
O60494 Cubilin ↓ 0.36 8.80E-03
O75936 Gamma-butyrobetaine dioxygenase ↓ 0.44 1.89E-03
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P12955 Xaa-Pro dipeptidase ↓ 0.43 1.41E-03
P13716 Delta-aminolevulinic acid dehydratase ↓ 0.47 9.85E-03
P21281 V-type proton ATPase subunit B, brain isoform ↓ 0.44 8.80E-03
P46926 Glucosamine-6-phosphate isomerase 1 ↓ 0.42 2.22E-03
Q01813 ATP-dependent 6-phosphofructokinase, platelet type ↓ 0.28 5.58E-03
Q14353 Guanidinoacetate N-methyltransferase ↓ 0.46 6.16E-03
Q5R3I4 Tetratricopeptide repeat protein 38 ↓ 0.41 4.20E-03

Q8NB37 Glutamine amidotransferase-like class 1
domain-containing protein 1 ↓ 0.37 4.60E-03

Q96C23 Aldose 1-epimerase ↓ 0.41 8.85E-03
Q9BUT1 3-hydroxybutyrate dehydrogenase type 2 ↓ 0.42 5.81E-03
Q9Y2S2 Lambda-crystallin homolog ↓ 0.49 6.15E-03

A0A087WTY7 Cytosolic beta-glucosidase ↓ 0.00 1.48E-01
A0A1B0GVY1 HECT-type E3 ubiquitin transferase ↓ 0.00 1.06E-01

B5MBZ0 Echinoderm microtubule-associated protein-like 4 ↓ 0.00 1.23E-01
D6RAN1 PDZ and LIM domain protein 7 (Fragment) ↓ 0.00 1.07E-01
E9PMR4 Tetraspanin ↓ 0.00 5.02E-02

F5GZ09 Intraflagellar transport protein 27 homolog
(Fragment) ↓ 0.00 1.04E-01

F5H0T7 Solute carrier family 22 member 6 ↓ 0.00 1.10E-01
P11678 Eosinophil peroxidase ↓ 0.00 1.29E-01
P61081 NEDD8-conjugating enzyme Ubc12 ↓ 0.00 1.27E-01
P62633 Cellular nucleic acid-binding protein ↓ 0.00 9.82E-02

Q01970 1-phosphatidylinositol 4,5-bisphosphate
phosphodiesterase beta-3 ↓ 0.00 1.88E-01

Q14410 Glycerol kinase 2 ↓ 0.00 1.08E-01
Q53T59 HCLS1-binding protein 3 ↓ 0.00 6.75E-02
Q96PQ0 VPS10 domain-containing receptor SorCS2 ↓ 0.00 3.18E-02
Q96SL1 Solute carrier family 49 member 4 ↓ 0.00 3.16E-02
Q9HCE7 E3 ubiquitin-protein ligase SMURF1 ↓ 0.00 1.64E-01
Q9P206 Uncharacterized protein KIAA1522 ↓ 0.00 1.69E-01
Q9NRX4 14 kDa phosphohistidine phosphatase ↑ 2.85 2.73E-03
F8W7A7 Coiled-coil domain-containing protein 178 ↑ ∞ 2.76E-01
O94782 Ubiquitin carboxyl-terminal hydrolase 1 ↑ ∞ 1.53E-01

2 T2
Table 2 The differential proteins identified at T2.

Accession Protein name Trend Fold change P-value

A0A7I2V676 UTP--glucose-1-phosphate uridylyltransferase ↓ 0.27 8.31E-03
O43865 S-adenosylhomocysteine hydrolase-like protein 1 ↓ 0.48 8.29E-03
O60271 C-Jun-amino-terminal kinase-interacting protein 4 ↓ 0.44 6.57E-03
O94903 Pyridoxal phosphate homeostasis protein ↓ 0.32 3.26E-03
Q5H8C1 FRAS1-related extracellular matrix protein 1 ↓ 0.44 8.87E-03
Q96AT9 Ribulose-phosphate 3-epimerase ↓ 0.26 8.13E-03
Q9NWV4 CXXC motif containing zinc binding protein ↓ 0.42 9.54E-03

A0A087WZR3 Lys-63-specific deubiquitinase ↓ 0.00 8.72E-02
A0A087X2D8 C-Jun-amino-terminal kinase-interacting protein 4 ↓ 0.00 3.93E-03
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A0A0A6YYH1 Arpin ↓ 0.00 1.65E-01
A0A7I2V5M7 Ras GTPase-activating protein-binding protein 1 ↓ 0.00 1.00E-01
A0A804HKA7 Phosphomannomutase ↓ 0.00 4.84E-02

C9JQ41 Coiled-coil domain-containing protein 58 ↓ 0.00 1.12E-01
D6RAN1 PDZ and LIM domain protein 7 (Fragment) ↓ 0.00 1.07E-01
F8VPD4 CAD protein ↓ 0.00 1.69E-01
F8W726 Ubiquitin-associated protein 2-like ↓ 0.00 1.07E-01
P22059 Oxysterol-binding protein 1 ↓ 0.00 8.68E-02
P61081 NEDD8-conjugating enzyme Ubc12 ↓ 0.00 1.27E-01
P62266 40S ribosomal protein S23 ↓ 0.00 2.70E-01
Q15404 Ras suppressor protein 1 ↓ 0.00 1.62E-01
Q53T59 HCLS1-binding protein 3 ↓ 0.00 6.75E-02

Q5T6W2 Heterogeneous nuclear ribonucleoprotein K
(Fragment) ↓ 0.00 1.38E-01

Q8TD55 Pleckstrin homology domain-containing family O
member 2 ↓ 0.00 1.81E-01

Q92900 Regulator of nonsense transcripts 1 ↓ 0.00 1.87E-01
Q9NPH2 Inositol-3-phosphate synthase 1 ↓ 0.00 5.90E-02
Q9UBS4 DnaJ homolog subfamily B member 11 ↓ 0.00 1.13E-01
Q9UEE9 Craniofacial development protein 1 ↓ 0.00 8.43E-02
Q9Y5G2 Protocadherin gamma-B2 ↓ 0.00 1.36E-01
H0YDF8 Single Ig IL-1-related receptor (Fragment) ↑ ∞ 1.31E-01

2.2 尿液样本随机分组的结果

T1 n=6
T0 n=6 12 462

11 1
11 73% T2 n=6

T0 n=6 10 2
65% T2

2.3 组间差异蛋白的功能注释

2h
DAVID https://david.ncifcrf.gov/ T1

2

-
KEGG 2

3
2h 24h
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图 2 T1 时刻差异蛋白的功能注释
Figure 2 Functional enrichment analysis of differential proteins at T1. (A) Biological process. (B) Cellular

component. (C) Molecular function. (D) Pathways.

2.4 单个人按摩前后尿液蛋白质组变化

T1 T0
2 0.5 t

P<0.01 1 851 294
557 2 383 26

357 3 428 168 260
4 694 261 433

5 383 74 209
6 443 340 103

2.4 单个人差异蛋白的功能注释

T1 3
Proteolysis 6 3 5

2h

DOI: 10.55415/deep-2023-0013.v2



图 3 T1 时刻单个人差异蛋白所参与的生物学过程
Figure 3 Biological process analysis of differential proteins at T1.

3讨论
T1 T2

catecholamines,CAs
[11] epinephrine,E norepinephrine,NE

dopamine,DA [12]

[13] [2]

[14,15]

4结论
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