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Introduction
Biomarkers are the measurable changes associated with a 

physiological or pathophysiological process.1 Because urine is not 
subject to the control of homeostatic mechanisms, its composition 
undergoes many changes; thus, urine may represent a good source 
of biomarkers. Urinary analysis has been used in a variety of disease 
biomarker studies.2–5 Studies have shown that changes caused by 
anticoagulants and short diet interventions can be more easily 
detected in urine than blood.6,7 However, urine is sensitive to a number 
of factors; many physiological parameters, including age, gender, 
lifestyle, and hormones, can cause changes to urine.8–12 Changes 
caused by these factors may interfere with disease-related changes 
in disease biomarker studies. Whether identified biomarkers directly 
relate to a disease itself or to confounding factors may be unclear. 
The effects of physiological factors are more significant in the early 
stages of disease. Changes in urine caused by early-stage disease are 
relatively minor, and these changes are more likely to be interfered. 
Therefore, assessing and sorting out the effects of confounding factors 
on urine is essential to the discovery of disease markers that are more 
specific and reliable.

As one of the most common foods for humans, milk is consumed 
as a nutritional supplement worldwide. Milk contains abundant 
functional components, including protein, fat, vitamins, and a variety 
of minerals that are essential for growth and development.13 However, 
the effect of milk supplementation on urinary proteins has not been 
studied.

In this study, the urinary proteomes of rats fed milk for one week 
were analyzed by shotgun LC-MS/MS to investigate the short-term 
effects of milk supplementation on the urine proteome in rats. 

Materials and methods
Animal experiments 

Male Sprague-Dawley rats (160-180g) were purchased from 
the Institute of Experimental Animals of the Chinese Academy of 
Medical Sciences. All rats were housed in a standard environment 

(temperature: 22±1°C; humidity: 65%-70%) and had free access 
to diet and water. The animal experiments were approved by the 
Institute of Basic Medical Sciences Animal Ethics Committee, 
Peking Union Medical College (Animal Welfare Assurance Number: 
ACUC-A02-2013-015).

The rats were divided into 2 groups: a control group (n=8) and 
a milk-fed group (n=8). Every four rats were housed in a cage. The 
control group rats were given free access to water and were not 
provided with milk. The milk-fed group rats were given free access 
to milk and were not provided with water. Food intake, water intake 
and weight gain were recorded daily. Urine samples were collected 
after 1week and stored at -80°C. Protein and creatinine concentrations 
in the urine were measured at the Beijing Union Medical College 
Hospital. 

Urinary protein extraction

Urine was centrifuged at 2,000g for 20min to remove cell debris, 
and the supernatant was then centrifuged at 12,000g for 20min; the 
supernatant was transferred to a new tube. Three volumes of absolute 
acetone were added to the supernatant, which was then precipitated 
at -20°C overnight.14 The pellet was re-dissolved in lysis buffer 
(8M urea, 2M thiourea, 25mM dithiothreitol and 50mM Tris). The 
Bradford method was used for protein quantification. 

SDS–PAGE analysis 

A total of 20µg of protein was suspended in sample loading buffer 
and then incubated at 96°C for 5min. The proteins were separated in 
SDS-PAGE. The gel was stained with Coomassie brilliant blue dye.

Protein digestion and LC-MS/MS analysis 

The filter-aided sample preparation method was used to digest 
proteins using trypsin as follows.15 A total of 100µg of protein was 
loaded on to a 10-kDa filter membrane (Pall, Port Washington, NY, 
USA). The bound proteins were then successively washed with UA 
(8M urea and 0.1M Tris-HCl, pH 8.6) and ammonium bicarbonate 
by centrifugation at 14,000g for 40min at 18°C. The proteins were 
reduced by incubation in 20mM dithiothreitol at 37°C for 1h and then 
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Abstract

Urine is a good source of disease biomarkers. However, urine composition can be 
affected by many physiological factors. In this study, urinary proteins of rats fed with 
milk were analyzed by LC-MS/MS to discover the effects of milk supplementation on 
the urine proteome. Compared with the control group, only the major urinary protein 
was increased in all six rats, and four proteins were found to differ in five of six rats 
in the milk-fed group. These results suggest that the urinary proteome tends to remain 
in a largely stable state when the rats are fed milk for one week instead of water based 
on shotgun protein identification and the label-free quantitation.
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alkylated in the dark for 40min using 50mM iodoacetamide. Next, 
trypsin (Trypsin Gold, Mass Spec Grade, Promega, Fitchburg, WI, 
USA) was added to the membrane at an enzyme-to-protein ratio of 
1:50, and the membrane was incubated at 37°C for 13h. The digested 
peptides were collected by centrifugation at 14,000g for 20min, and 
500mM sodium chloride was used to elute the residual peptides at 
14,000g for 20min. The eluted peptides were then desalted with Oasis 
HLB cartridges (Waters, Milford, MA, USA) and dried by vacuum 
evaporation.

One microgram of peptides was loaded onto a reversed-phase 
microcapillary column by EASY-nLC 1200 UHPLC system. The 
peptides were eluted with a gradient of 5-28% mobile phase B (0.1% 
formic acid and 99.9% acetonitrile; flow rate of 0.3ml/min) for 60min. 
The eluted peptides were analyzed using a Thermo Orbitrap Fusion 
Lumos MS (Thermo Fisher Scientific, Bremen, Germany). Each 
sample was analyzed in triplicate.

MS data analysis

The raw files were imported into Progenesis software (version 
4.1, Nonlinear, Newcastle upon Tyne, UK) for feature detection, 
alignment and quantification.16 All sample features were aligned based 
on a reference sample that was automatically selected by the software, 
and the features with 2, 3 and 4 charges were selected for subsequent 
analyses. The samples were divided into the control group and the 
milk-fed group. All features were then exported into an MGF file. 
The MGF file was loaded into Mascot software (version 2.5.1, Matrix 
Science, London, UK) and retrieved by the Swissprot_2014_07 
database (taxonomy: Rattus). Trypsin was selected as the enzyme 
and the number of missed trypsin cleavage sites was set to no more 
than 2. The carbamidomethylation of cysteines was selected as a 
fixed modification. The fragment mass tolerance and the parent mass 
tolerance were set to 0.6 Da and 10 ppm, respectively. The search 
results were exported as an XML file. The XML files were re-
imported into Progenesis software, and proteins identified with only 
one peptide were not included in the subsequent quantitative analyses. 

Results and discussion
Food intake and water/milk intake 

The average milk intake of the rats (the average is 60ml) in the 
milk-fed group was greater than the average water intake of the rats 
(the average is 46ml) in the control group, while the rats in the control 
group had a higher average food intake (the average is 29g) than the 
rats in the milk-fed group (the average is 16g). These trends could be 
observed during each day of the experiment.

Weight gain and urine protein-to-creatinine ratio

The milk-fed group showed slightly higher weight gain than the 
control group, but this difference was not statistically significant 
(Figure 1). The urine protein-to-creatinine ratio of the rats in the milk-
fed group was significantly higher than that of the rats in the control 
group (Figure 2), suggesting that urinary protein excretion in rats 
increases after milk intake.17

SDS-PAGE analysis 

No bands with consistent differences between the milk-fed and the 
control groups were observed in the SDS-PAGE analysis (Figure 3).

Urinary proteome changes with milk supplementation

Twelve urine samples from 6 rats in the control group and 6 rats 

in the milk-fed group were analyzed by LC-MS/MS. Three technical 
replicates of each sample were analyzed by LC-MS/MS. Progenesis 
software was used to conduct label-free quantitative analysis. 
The abundance for each protein was calculated based on the mean 
abundance of the proteins from 3 replicates. Proteins with significant 
changes between the control group and the milk-fed group were 
identified by the following criteria: (1) P value by ANOVA <0.05, 
(2) fold change >1.5, (3) spectral count for each sample ≥5 in at least 
one group. 

Figure 1 Weight gain and urine protein-to-creatinine ratio.

Figure 2 The urine protein-to-creatinine ratio of the rats in the milk-fed 
group.

Figure 3 SDS-PAGE analysis.
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A total of 331 proteins were identified in control group and milk-
fed group (Table 1). According to these criteria, compared with the 
control group, in the milk-fed group, only the major urinary protein, 
which has no human orthologs, was increased by 2-fold in all six 
rats, and four proteins, including the major urinary protein, were 
found to differ in five of the six rats (the peak intensities of at least 
5 rats in the increased group were greater than the maximal peak 
intensity of the reduced group or the peak intensities of at least 5 rats 
in the reduced group were less than the minimal peak intensity of 
the increased groups). The other three proteins were the neutral and 
basic amino acid transport protein rBAT, urokinase-type plasminogen 

activator and corticosteroid-binding globulin, which have human 
homologs. The levels of these three proteins changed from 0.56- to 
1.67-fold. Major urinary protein and neutral and basic amino acid 
transport protein rBAT increased in the milk-fed group compared 
to the control group, whereas urokinase-type plasminogen activator 
and corticosteroid-binding globulin decreased in the milk-fed group 
compared to the control group. Moreover, neutral and basic amino 
acid transport protein rBAT was reported to be a candidate biomarker 
of sodium loading,18 and urokinase-type plasminogen activator was 
reported to be a candidate biomarker of Fanconi syndrome.19

Table 1 The differential proteins changed between control group and milk-fed group. Fold change is milk-fed group-to-control group ratio

Protein name Accession 
number

Fold-
change

P 
value Biomarker Human ensembl gene ID

Major urinary protein MUP_RAT 2 0.002 No No

Neutral and basic amino acid transport protein rBAT SLC31_RAT 1.68 0.004 Sodium loading ENSG00000138079

Urokinase-type plasminogen activator UROK_RAT 0.65 0.004 Fanconi 
syndrome

ENSG00000122861

Corticosteroid-binding globulin CBG_RAT 0.56 0.022 No ENSG00000170099

Conclusion
In this study, we used 1.5-fold change as the cutoff, which is a 

less restrictive standard. Most other biomarker discovery studies 
use conditions that are more stringent. Under this condition, the 
milk-related changes may not significantly interfere with biomarker 
discovery using current identification and quantification techniques. 
As protein identification and quantification techniques are further 
developed, additional proteins whose levels are affected by milk may 
be identified. 

It remains to be elucidated why there was a very significant change 
in Up/Ucr quantity but no significant protein changes in term of species 
and composition when the samples were analyzed by shotgun LC-
MS/MS. In addition, the effect of milk feeding for a long-term period 
may differ from that over a short-term period. In conclusion, milk 
feeding for one week does not have a great impact on the expression 
of urinary proteins in rats based on the shotgun protein identification 
and quantification techniques used in this study.
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