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Comparison of urine proteome in rats intraperitoneally
infected by different microorganisms

Wenshu Meng, Yameng Zhang, Yuanrui Hua, Yijin Jiang, Jiawen Kong, and Youhe Gao

Gene Engineering Drug and Biotechnology Beijing Key Laboratory, Department of Biochemistry and Molecular Biology, Beijing
Normal University, Beijing 100875, China

Abstract:  Different microorganisms can cause intraperitoneal infection. This study was to distinguish different microbial
infections by urine analysis. Rats were intraperitoneally injected with Escherichia coli, Staphylococcus aureus, and Candida
albicans, separately. Urine samples were collected from rats at 0, 12, 36 and 72 h after infection. Urinary proteins were
profiled using liquid chromatography coupled with tandem mass spectrometry (LC-MS/MS). Compared with the control
(without infection), a total of 69 differential proteins were identified in rats injected with E. coli. A total of 31 differences
proteins were identified in rats injected with S. aureus. A total of 38 differential proteins were identified in rats injected with
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C. albicans. Urine proteome was different when rats were infected by different microorganisms, suggesting that urine may
have the potential for differential diagnosis of different intraperitoneal infections.
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Table 1 The differential proteins identified in E. coli intraperitoneal injection model
Fold change
12 h 36h 72h
1.57 1.69 211  1.50E-02

Accession Protein name Trend P value

Q9QZA2 Programmed cell death 6-interacting protein

Q64126 EH domain-containing protein 1 4.25 6.67 1.71E-04
P61589  Transforming protein RhoA 2.75 2.25  1.45E-03
Q63751  Vomeromodulin 2.61 3.14  7.05E-03
P85973  Purine nucleoside phosphorylase 2.33 2.67 1.31E-03
P46413  Glutathione synthetase 2.13 2.78  1.69E-03
Q9R063  Peroxiredoxin-5, mitochondrial 1.83 2.28  9.08E-03
Q64319  Neutral and basic amino acid transport protein rBAT 1.54 2.06 1.67E-02

Q6AYTO Quinone oxidoreductase
Q99PS8  Histidine-rich glycoprotein

1.66 2.06  7.18E-03
0.37 0.36 4.77E-03

P10760  Adenosylhomocysteinase 6.50 1.86E-03
P11348  Dihydropteridine reductase 2.07 9.28E-03
Q497B0 Omega-amidase NIT2 2.00 3.21E-02
P55159  Serum paraoxonase/arylesterase 1 1.75 1.67E-02
P13596  Neural cell adhesion molecule 1 0.67 6.77E-03
P19218  Pancreatic secretory granule membrane major glycoprotein GP2 0.66 1.21E-03
P30120  Metalloproteinase inhibitor 1 8.33 7.71E-03
D4ACX8 Protocadherin-16 0.28 1.68E-02
070377  Synaptosomal-associated protein 23 ) 3.94E-03

31.00 4.15E-03
19.33  5.60E-03
10.25 1.52E-02
10.00 2.76E-03
10.00 1.23E-02

P70502  Solute carrier organic anion transporter family member 1A3
P18757  Cystathionine gamma-lyase

Q4KLZ6 Triokinase/FMN cyclase

P53790  Sodium/glucose cotransporter 1

Q3ZAV1 Solute carrier family 22 member 12

S o o D > > > > > > > > > > > > > > > > > > > e > e e > > > > — — > — > — — — — —>

P06760  Beta-glucuronidase 9.00 5.68E-04
P46720  Solute carrier organic anion transporter family member 1A1 7.17  2.87E-03
Q63355  Unconventional myosin-lc 6.88 1.01E-03
Q5M7T9 Threonine synthase-like 2 6.75  2.04E-03
Q62687  Sodium-dependent neutral amino acid transporter B(0)AT3 6.60 2.99E-03
Q7TQ94 Deaminated glutathione amidase 6.00 1.11E-03
Q9WUWY9 Sulfotransferase 1C2A 5.85  1.53E-03
Q711G3 Isoamyl acetate-hydrolyzing esterase 1 homolog 5.20 3.76E-03
QIWTW?7 Solute carrier family 23 member 1 494  1.36E-03
P09606  Glutamine synthetase 463 1.04E-02
Q80WS57 ATP-binding cassette sub-family G member 2 4.63 6.06E-03
Q63424  Solute carrier family 15 member 2 411 5.87E-04
Q9ESG3 Collectrin 3.57 1.52E-02
Q9Z0W?7 Chloride intracellular channel protein 4 356  2.38E-03
008557  N(G),N(G)-dimethylarginine dimethylaminohydrolase 1 3.29 2.31E-03
P25093  Fumarylacetoacetase 3.13  8.35E-03
P19468  Glutamate--cysteine ligase catalytic subunit 3.09 1.43E-03
Q02974  Ketohexokinase 2.69 1.87E-04
(GiE)
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(&£ 1)
. . Fold change
Accession Protein name Trend P value
12h 36h 72h

P50399  Rab GDP dissociation inhibitor beta 1 2.68  5.46E-03
Q9JJ40  Na(+)/H(+) exchange regulatory cofactor NHE-RF3 1 254  1.83E-03
Q63530  Phosphotriesterase-related protein 1 247  6.29E-03
P48508  Glutamate--cysteine ligase regulatory subunit 1 2.38  4.46E-04
P50398  Rab GDP dissociation inhibitor alpha 1 230 1.61E-02
P38918  Aflatoxin B1 aldehyde reductase member 3 1 2.27  1.59E-02
035763  Moesin 1 224  4.81E-04
Q64602  Kynurenine/alpha-aminoadipate aminotransferase, mitochondrial 1 221  3.28E-03
P54311  Guanine nucleotide-binding protein G(1)/G(S)/G(T) subunit beta-1 1 1.89  2.34E-02
Q9JJ19  Na(+)/H(+) exchange regulatory cofactor NHE-RF1 1 1.82 3.10E-03
P00884  Fructose-bisphosphate aldolase B 1 1.81 4.03E-03
Q5X173  Rho GDP-dissociation inhibitor 1 1 177  4.01E-02
P31977  Ezrin 1 1.75 1.94E-03
P07861  Neprilysin T 1.68 4.30E-04
Q99MA2 Xaa-Pro aminopeptidase 2 1 1.65 3.53E-03
P07314  Glutathione hydrolase 1 proenzyme i 163 2.79E-03
P60711  Actin, cytoplasmic 1 1 152 4.08E-03
P04073  Gastricsin ! 0.67  1.85E-03
P01015  Angiotensinogen l 0.64 3.61E-03
P97605  Ephrin-A5 ! 0.62  9.99E-04
P10959  Carboxylesterase 1C ! 0.60 6.69E-04
Q1WIM1 Cell adhesion molecule 4 ! 0.54  7.34E-03
Q9QZQ5 CCN family member 3 l 043 1.67E-02
P24594 Insulin-like growth factor-binding protein 5 ! 041 5.16E-03
P27590  Uromodulin ! 0.40 1.44E-03
Q99MH3  Hepcidin ! 029 1.16E-04
Q63108  Carboxylesterase 1E ! 0.18  3.04E-03

Hour 12 _ Hour 36

3l

Hour 72

1 FERESTRAFEERD 12, 36, 72 h EEH
ERERMYERE

Fig. 1 The Venn diagram of differential proteins
identified at 12, 36, and 72 h in E. coli intraperitoneal
injection model.
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Table 2 The differential proteins identified in S. aureus intraperitoneal injection model
Fold change
12 h 36 h 72h
2.44 1.78 2.61 6.52E-03

Accession Protein name Trend P value

Q66H12 Alpha-N-acetylgalactosaminidase

—

P04639 Apolipoprotein A- I ! 0.48 0.48 0.45 1.15E-02
088766 Neutrophil collagenase 1 3.23 2.62 1.43E-02
QIWTW?7 Solute carrier family 23 member 1 l 0.65 0.59 2.70E-02
P02625 Parvalbumin alpha 1 3.09 1.74E-03
Q9ES87 Prostasin 1 2.00 1.73E-02
Q63416 Inter-alpha-trypsin inhibitor heavy chain H3 1 1.67 2.54E-02
P18292 Prothrombin 1 1.52 2.20E-02
Q80WF4  Transmembrane protein 132A l 0.37 3.27E-02
P45592 Cofilin-1 1 2.57 2.54E-02
P85973 Purine nucleoside phosphorylase 1 2.55 1.61E-03
Q7TQ94 Deaminated glutathione amidase 1 2.29 3.83E-02
P42854 Regenerating islet-derived protein 3-gamma 1 1.95 2.74E-02
P97574 Stanniocalcin-1 1 1.67 2.49E-02
P31211 Corticosteroid-binding globulin l 0.55 1.47E-04
Q06496 Sodium-dependent phosphate transport protein 2A ! 0.52 1.61E-02
Q99PS8 Histidine-rich glycoprotein ! 0.37 4.47E-02
P47853 Biglycan ! 0.24 3.29E-02
P14942 Glutathione S-transferase alpha-4 1 440 1.91E-02
P25093 Fumarylacetoacetase T 277 4.52E-02
035952 Hydroxyacylglutathione hydrolase, mitochondrial 1 2.18 3.14E-02
P26051 CD44 antigen T 2.05 3.65E-03
P01835 Ig kappa chain C region, B allele 1 1.72  3.00E-02
Q80WD1  Reticulon-4 receptor-like 2 1 1.68 2.20E-02
P82450 Sialate O-acetylesterase 1 1.67 3.02E-03
P14630 Apolipoprotein M 1 1.59 4.54E-03
P54311 Guanine nucleotide-binding protein G(1)/G(S)/G(T) subunit beta-1 ! 0.61 4.37E-02
P54313 Guanine nucleotide-binding protein G(1)/G(S)/G(T) subunit beta-2 l 0.56 3.11E-02
Q6MG71  Choline transporter-like protein 4 ! 0.53 2.73E-02
Q6RUV5  Ras-related C3 botulinum toxin substrate 1 l 0.47  1.94E-02
P08010 Glutathione S-transferase Mu 2 ! 0.29 3.16E-02
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Table 3 The differential proteins identified in C. albicans intraperitoneal injection model

. . Fold change
Accession Protein name Trend P value
12 h 36 h 72 h

Q80WF4 Transmembrane protein 132A ! 0.50 0.35 0.35 1.73E-02
P30152 Neutrophil gelatinase-associated lipocalin 1 2.23 3.96 2.21E-02
P50398 Rab GDP dissociation inhibitor alpha ! 0.63 0.28 1.32E-02
P50137 Transketolase ! 0.46 0.11 1.06E-02
P10758 Lithostathine 0 7.00 6.67 3.99E-02
P25113 Phosphoglycerate mutase 1 ! 0.63 0.18 2.85E-02
Q5U2Q3 Ester hydrolase C11orf54 homolog ! 0.63 0.46 2.13E-02
Q8R5M3 Leucine-rich repeat-containing protein 15 l 0.61 0.48 3.14E-02
Q6P6V0 Glucose-6-phosphate isomerase ! 0.48 0.45 7.18E-03
P04642 L-lactate dehydrogenase A chain l 0.39 0.36 4.46E-02
P17559 Uteroglobin 1 1.92 1.32E-02
P08721 Osteopontin 1 1.86 4.57E-02
008628 Procollagen C-endopeptidase enhancer 1 ! 0.64 2.32E-02
Q6X936 Kin of IRRE-like protein 1 l 0.56 1.61E-02
Q971Y3 Cadherin-2 ! 0.51 8.58E-03
Q793F9 Vacuolar protein sorting-associated protein 4A l 0.44 7.49E-03
P97710 Tyrosine-protein phosphatase non-receptor type substrate 1 ! 0.37 2.24E-02
QIR1T3 Cathepsin Z ! 0.64 2.32E-02
088767 Protein/nucleic acid deglycase DJ-1 ! 0.59 2.54E-02
Q5XI73 Rho GDP-dissociation inhibitor 1 l 0.59 3.80E-02
P16617 Phosphoglycerate kinase 1 ! 0.48 4.91E-02
Q972Y9 Klotho l 0.25 4.23E-02
Q63270 Cytoplasmic aconitate hydratase ! 0.21 6.07E-03
Q920A6 Retinoid-inducible serine carboxypeptidase 1 1.72 3.11E-02
Q4QQws8 Putative phospholipase B-like 2 1 1.68 4.58E-02
Q6P7A9 Lysosomal alpha-glucosidase 1 1.60 1.19E-02
P62630 Elongation factor 1-alpha 1 ! 0.67 1.61E-02
P62260 14-3-3 protein epsilon l 0.65 2.23E-02
P07340 Sodium/potassium-transporting ATPase subunit beta-1 ! 0.64 2.32E-02
P27139 Carbonic anhydrase 2 ! 0.62 3.15E-02
QIWTQ2 Podocalyxin ! 0.57 3.16E-02
P41562 Isocitrate dehydrogenase [NADP] cytoplasmic ! 0.55 3.84E-02
P01026 Complement C3 ! 0.55 7.96E-03
P19112 Fructose-1,6-bisphosphatase 1 l 0.53 3.07E-02
Q9R066 Coxsackievirus and adenovirus receptor homolog ! 0.46  3.25E-02
Q9QWJ9 Neuropilin-1 l 0.44  2.42E-02
P42123 L-lactate dehydrogenase B chain ! 0.39 3.50E-02
P51635 Aldo-keto reductase family 1 member Al ! 0.37 3.89E-02
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Fig. 3 The Venn diagram of differential proteins identified
at 12, 36 and 72 h in C. albicans intraperitoneal injection
model.
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Fig. 4 Functional analysis of differential proteins in E. coli intraperitoneal injection model. (A) Biological process. (B)

Cellular component. (C) Molecular function.
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Table 4 Biological process of differential proteins in E. coli intraperitoneal injection model

Biological process P value Count Uniprot
Glutamate metabolic process 1.80E-07 5 P09606, Q64602, P48508, P07314, P19468
Glutathione biosynthetic process 6.00E-06 4 P48508, P07314, P19468, P46413
Aging 2.30E-05 P01015, P13596, P30120, P48508, P07314,
Q99MH3, P19468, P24594, P46413
Gland morphogenesis 4.90E-04 3 035763, P31977, Q9JJ19
Positive regulation of cellular protein catabolic process 7.50E-04 3 035763, P31977, Q9JJ19
Establishment of epithelial cell apical/basal polarity 7.50E-04 3 035763, Q99MH3, P31977
Regulation of actin cytoskeleton organization 9.90E-04 4 Q9Z0W?7, P18757, P48508, P19468
Glutathione metabolic process 9.90E-04 4 P61589, P31977, P97605, Q99PS8
Sodium-independent organic anion transport 3.10E-03 3 P70502, Q3ZAV1, P46720
Regulation of cell size 3.70E-03 3 035763, P31977, Q9JJ19
Leukocyte cell-cell adhesion 4.00E-03 3 035763, P27590, P31977
Cellular response to follicle-stimulating hormone stimulus  4.60E-03 3 P48508, P19468, P97605
Negative regulation of cell migration 6.70E-03 4 Q9Z0W7, P24594, Q5XI173, Q9JJ19
Cellular response to thyroxine stimulus 7.50E-03 2 P48508, P19468
Negative regulation of cell growth 1.10E-02 4 P01015, P18757, Q9QZQ5, Q99PS8
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Glutathione metabolic process

Response to organic cyclic compound
Ossification

Glucocorticoid metabolic process
High-density lipoprotein particle assembly
High-density lipoprotein particle remodeling
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Fig. 5 Functional analysis of differential proteins in S. aureus intraperitoneal injection model. (A) Biological process.

(B) Cellular component. (C) Molecular function.
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Table 5 Biological process of differential proteins in S. aureus intraperitoneal injection model

Biological process P value Count Uniprot
Glutathione metabolic process 3.56E-03 3 P14942, 035952, P08010
Response to organic cyclic compound 1.10E-02 4 P08010, P97574, P26051, Q99PS8
Glucocorticoid metabolic process 1.19E-02 2 P31211, P04639
Ossification 1.21E-02 3 088766, Q06496, P97574
High-density lipoprotein particle assembly 1.36E-02 2 P14630, P04639
Reverse cholesterol transport 2.03E-02 2 P14630, P04639
High-density lipoprotein particle remodeling 2.03E-02 2 P14630, P04639
Cytokine-mediated signaling pathway 2.32E-02 8 P26051, P47853, Q80WD1
Fibrinolysis 2.54E-02 2 P18292, Q99PS8
Negative regulation of endopeptidase activity 2.64E-02 8 Q63416, P31211, Q99PS8
Positive regulation of focal adhesion assembly 3.53E-02 2 Q6RUVS5, Q99PS8
Regulation of cell morphogenesis 4.36E-02 2 P45592, Q6RUV5
Lipoprotein metabolic process 4.52E-02 2 P14630, P04639
Cholesterol efflux 4.52E-02 2 P14630, P04639
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Fig. 6 Functional analysis of differential proteins in C. albicans intraperitoneal injection model. (A) Biological
process. (B) Cellular component. (C) Molecular function.
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Table 6 Biological process of differential proteins in C. albicans intraperitoneal injection mode

Biological process P value Count Uniprot
Carbohydrate metabolic process 5.36E-06 6 P04642, P42123, Q6P6V0, Q9Z2Y9, P19112, P16617
Gluconeogenesis 4.16E-05 4 Q6P6V0, P19112, P16617, P25113
Glycolytic process 2.90E-03 3 Q6P6VO0, P16617, P25113
Aldehyde catabolic process 6.15E-03 2 Q6P6V0, P51635
Response to steroid hormone 6.95E-03 3 P41562, P27139, P08721
Cell migration 7.59E-03 4 Q9QWIJ9, P97710, QOIWTQ2, Q9Z1Y3
Regulation of protein localization 8.33E-03 3 Q793F9, Q9Z1Y3, Q5XI173
Cell-cell adhesion 9.16E-03 4 088767, P41562, P04642, P62260
Lactate metabolic process 1.23E-02 2 P04642, P42123
NAD metabolic process 1.43E-02 2 P04642, P42123
Cell adhesion 1.62E-02 4 P07340, Q9WTQ2, Q921Y3, P08721
Response to fibroblast growth factor 1.83E-02 2 Q9Z72Y9, P17559
Single organismal cell-cell adhesion 1.96E-02 3 Q6X936, Q9R066, Q9Z1Y3
Response to estrogen 2.17E-02 3 P04642, P27139, P01026
Response to oxidative stress 3.61E-02 3 088767, P41562, P30152

E. coli

S. aureus

35
C. albicans
B 7 =MHEVERISEMLEEINEREAY
4“4 BE
Fig. 7 The Venn diagram of differential proteins

identified by intraperitoneal injection models of three
microorganisms.
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