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Abstract: The abundance of proteins in human urine is low and easily to be masked by high-abundance proteins during mass
spectrometry analysis. Development of efficient and highly selective enrichment methods is therefore a prerequisite for
achieving deep coverage of urine protein markers. Notably, different experimental methods would affect the urine protein
enrichment efficacy and the coverage of urine proteome. In this study, ultrafiltration, nitrocellulose membrane enrichment and
saturated ammonium sulfate precipitation were used to process 10 mL urine samples from five healthy volunteers and five
bladder cancer patients. The urine proteins were enriched and separate by SDS-PAGE to compare the purification efficiency of
different methods. Moreover, the peptide identification effects of different purification methods were analyzed by mass
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spectrometry to determine the best method for enriching urine protein histones. Saturated ammonium sulfate precipitation
method outperformed the ultrafiltration and the nitrocellulose membrane enrichment methods in terms of the protein
enrichment efficacy and quality. The interference of highly abundant albumin was reduced, whereas the amount of
low-abundance protein was increased, and the sensitivity of mass spectrometry identification was increased. The saturated
ammonium sulfate precipitation method may be applied for large-scale urine processing for screening clinical diagnostic

markers through proteomics.
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Table 1  Urine samples information

Healthy Healthy Bladder
Groups
volunteers-1  volunteers-2 cancer
Number 5 5 5
Male/female 2/3 3/2 3/2
Ages 22.50+3.28  70.35%5.65  72.40+7.74
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Fig. 1 Schematic diagram of using saturated ammonium sulfate for treating urine.
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Fig. 2 BCA measured protein concentrations in urine
samples from healthy volunteers and bladder cancer
patients. ***P<0.001.
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Fig. 3 SDS-PAGE separation of urine protein staining
by CBB. 1: ammonium sulfate precipitation; 2:
ultrafiltration; 3: membrane enrichment.
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Table 2 Comparison of mass spectrometry identification of urine C region peptides from healthy volunteers
enriched by ultrafiltration, NC membrane enrichment and saturated ammonium sulfate

. No. of
0,
Methods No. Proteins Peptides My (kDa) Coverage (%) Score
Ultrafiltration 1 Uromodulin [Homo sapiens] 18 69.7 16.60 686.49
2 Albumin [Homo sapiens] 9 69.3 14.00 377.15
Member enrichment 1 Uromodulin [Homo sapiens] 14 69.7 13.40 432.72
2 Albumin [Homo sapiens] 9 69.3 14.00 377.15
Saturated sulfate 1 Uromodulin [Homo sapiens] 12 69.7 14.10 893.28
amine
2 Ig aalphal bur [Homo sapiens] 5 50.6 8.70 604.67
3 Ig alpha-1 chain C region-gorilla 5 377 15.90 540.05
(fragment)
4 K|n|nogen-_1 isoform 2 precursor 5 65.8 10.30 468.51
[Homo sapiens]
5 Ep|f1ermal cytokeratin 2 [Homo 5 64.1 780 463
sapiens]
6 VASN protein [Homo sapiens] 4 98.2 7.00 424.53
7 E-cadherin [Homo sapiens] 4 97.5 6.60 422.73
8 Unnamed protein product [Homo 2 59.5 3.90 42081

sapiens]
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Table 3 MS identification of urine C-region peptides from healthy volunteers enriched by saturated ammonium sulfate
No. of

No. Proteins Peptides My (kDa) Coverage (%) Score
1 Uromodulin [Homo sapiens] 16 69.7 28.90 537.39
2 Alpha-amylase [Homo sapiens] 9 57.7 20.00 488.94
3 Alpha-amylase 2B precursor [Homo sapiens] 9 57.7 20.00 458.08
4 Kininogen-1 isoform 2 precursor [Homo sapiens] 10 65.8 20.70 417.58
5 Epidermal cytokeratin 2 [Homo sapiens] 6 64.1 16.60 383.43
6 1gG1 [Homo sapiens] 9 49.2 24.60 305.03
7 Immunoglobulin lambda heavy chain [Homo sapiens] 8 52.7 17.40 282.44
8 Ig gamma 2 H chain, BUR [human, peptide mutant, 348 aa] 9 38.7 19.80 264.95
9 Immunoglobulin heavy chain constant region [Homo sapiens] 9 35.9 22.70 261.3
10 Recombinant 1gG4 heavy chain [Homo sapiens] 8 42.9 19.30 228.27
11 Cytokeratin 9 [Homo sapiens] 4 62.1 10.10 208.17
12 Kininogen-1 isoform 2 precursor [Homo sapiens] 4 47.9 7.70 185.52
13 Integrin beta [Homo sapiens] 7 70 5.40 149.15
14 |g heavy chain V-III region (ART) - human (fragments) [Homo sapiens] 4 23.7 21.60 141.26
15 This CDS feature is included to show the translation of the Corresponding 2 13.8 15.00 121.01

V_region. Presently translation qualifiers on V_region features are
illegal, partial [Homo sapiens]

x4 BEIONMBERZEZEEEREIEREED C XHRIELERE
Table 4 MS identification of urine C-region peptides from bladder cancer patients by saturated ammonium sulfate

No. Proteins PI:p?t.ig:s My (kDa) Coverage (%) Score
1 Isoform short of matrix metalloproteinase-16 [Homo sapiens] 21 52.5 26.10 893.28
2 cDNA FLJ45746 fis, clone KIDNE2018727, highly similar to uromodulin 11 47.3 23.80 604.67
[Homo sapiens]
3 Prostatic acid phosphatase [Homo sapiens] 11 44.5 16.80 540.05
4 Putative uncharacterized protein DKFZp564P0562 (Fragment) [Homo sapiens] 7 152.0 14.20 468.51
5 Putative coiled-coil domain-containing protein 26 [Homo sapiens] 9 13.2 24.90 463
6 Trypsin I (Fragment) [Homo sapiens] 9 9.2 31.70 460.1
7 cDNA FLJ60097, highly similar to tubulin alpha-ubiquitous chain [Homo sapiens] 9 33.4 26.10 434.42
8 Isoform 2 of lysine-specific demethylase 4A [Homo sapiens] 10 54.7 25.80 424.53
9 ANP32A protein [Homo sapiens] 8 14.8 24.20 422.73
10 Tubulin beta chain (Fragment) [Homo sapiens] 9 16.5 20.10 420.81
11 Prostaglandin E2 receptor EP1 [Homo sapiens] 9 41.8 6.07 392.27
12 Integrin beta [Homo sapiens] 8 70.0 28.50 370.91
13 cDNA FLJ58286, highly similar to actin, cytoplasmic 2 [Homo sapiens] 8 37.3 43.60 370.35
14 Nucleoprotein TPR [Homo sapiens] 10 267.1 22.50 352.23
15 GCN1 general control of amino-acid synthesis 1-like 1 (Yeast), isoform 7 266.7 64.60 295.48
CRA_b [Homo sapiens]
16 Very large A-kinase anchor protein [Homo sapiens] 9 330.4 5.05 264.43
17 HCG27868, isoform CRA_g [Homo sapiens] 6 27.6 21.30 223.58
18 Cleavage and polyadenylation-specificity factor subunit 6 [Homo sapiens] 4 52.2 10.00 198.57
19 Nebulin [Homo sapiens] 2 772.4 9.50 149.85
20 Isoform 2 of protein canopy homolog 3 [Homo sapiens] 3 5.8 9.90 97.41
21 cDNA FLJ39264 fis, clone OCBBF2009603, highly similar to 8 101.2 5.60 93.6
Staphylococcal nuclease domain-containing protein 1 [Homo sapiens]
22 lIsoform 2 of calmodulin-regulated spectrin-associated protein 2 [Homo 5 165.0 27.90 82.3
sapiens]
23 28S ribosomal protein S36, mitochondrial [Homo sapiens] 3 115 25.30 77.91
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WORBL IR 7 B B ERCRm, BIERSR, A
— S IR AR 25 4 07 2 P VR

A FEAFTE 00 Jr R 2 B AIL AR A5 %) 5% e 9 e
T B R BAREA G/ D T ELR WORE A AE B A |
F S Je B T ER G R 32 BRSO E ), Xt v
e AL SR U S, Xt B TR
F1HL K 45 3R 5 % o Hr

B2 AT ST R BN I DA B e S R
R, 2550, i 5 I b e R B R B R
WE R E S TIEE X EA (P<0.01), FfHWLIAL
T RAR e =2 B A 1B T3 o 78 R 2R 11 R 4 2 A I
TR 28 R R R AR S 0 e o LA AR KT 7
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