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[Abstract] Objective To develop a precise method for analyzing urinary peptides based on electromembrane
extraction (EME) combined with liquid chromatography-tandem mass spectrometry (LC-MS/MS), and to evaluate its
potential applicability in tumor biomarker screening. Methods A total of 15 disease-associated peptides were selected as
the target analytes. A supported liquid membrane (SLM) composed of n-octanol containing 5% di (2-ethylhexyl)
phosphate was employed, with the donor phase being a 1 : 1 mixture of urine and 100 mmol/L formic acid and urine, and
the acceptor phase being 20 mmol/L formic acid containing 50% dimethyl sulfoxide (DMSO). After EME at 40 V for 15
min, the acceptor phase solution was analyzed by LC-MS/MS. Subsequently, the method, EME combined with LC-MS/MS
(EME-LC-MS/MS), was preliminarily validated utilizing urine samples from 12 healthy controls and 7 patients with
urinary system tumors. Results All 15 peptides exhibited excellent linearity in the range of 0.1-100.0 ng/mL (r = 0.995),
with the limits of detection (LODs) being 0.01-0.50 ng/mL and the limits of quantification (LOQs) being 0.03-1.50 ng/mL.
The spiked recoveries ranged from 21.0% to 71.2%, with relative standard deviations (RSDs) of 0.8%-20.0% (n = 3).
Small-sample analysis of clinical specimens revealed that the concentration of bradykinin 1-5 in the urine were
significantly higher in tumor patients (median: 0.65 ng/mL) than that in healthy controls (median: 0.37 ng/mL) (P < 0.05),
suggesting its potential as a specific biomarker for urinary system tumors. Conclusion The EME-LC-MS/MS method
established in the study features simplicity, high efficiency, and high sensitivity, enabling precise determination of trace-
level peptides in urine samples. Moreover, this approach provides a reliable methodological basis for disease biomarker

screening and promotes the clinical application of electromembrane extraction.
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Table 1 The physicochemical and mass spectrometry parameters of peptides

Peptide name Sequence Purity pKa Z(pH3.0) Molecular mass RT/min QI Q3 DpP/V CE/V
Glu-Glu-Leu EEL 98% 3.35 0.77 389.18 1.06 390.1 132.07/86.0  60/60 19/42
Met enkephalin YGGFM >99% 391 1.31 573.22 1.97 5744 425.07/296.9 55/55 23/30
Leu enkephalin YGGFL >99% 4.00 1.33 555.27 2.22 556.1 396.97/538.0 40/40 29/22
Neurotensin pE-LYENKPRRPYIL > 97% 3.65 8.83 1671.91 1.94 5585 643.37/578.9 41/39 32/30
Gonadotropin-releasing hormone pE-HWSYGLRPG 98% —2.90 9.85 1182.56 187 5926 499.27/935.2 39/58 29/30
Neurokinin P RPKPQQFFGLM >99%  10.15 7.32 1346.73 2.15 674.7 600.4/586.3 63/40 31/34
Angiotensin 1-7 DRVYIHP > 98% 3.35 5.19 898.47 1.30 450.5 392.77647.1 47/44 20/25
Angiotensin Il (3-8) VYIHPF 98% 3.90 3.95 774.41 2.05 775.4 513.177485.4 80/80 38/42
Angiotensin Il DRVYIHPF 90% 3.57 5.46 1045.53 1.97 5241 263.17/784.3 70/70  28/27
Angiotensin [ DRVYIHPFHL > 98% 3.50 7.57 1295.67 2.15 4332 513.07/647.0 62/55 20/21
Bradykinin RPPGFSPFR >99% 3.88 5.78 1059.56 1.73 531.1 522.07/807.0 67/78 30/36
Des-Arg (9)-bradykinin RPPGFSPF 95% 3.81 4.55 903.46 2.08 4528 642.17/262.8 33/33 21/20
Bradykinin 1-7 RPPGFSP >97% 3.43 4.09 756.39 1.34 379.3 555.4°/641.8 23/45 18/16
Bradykinin 2-9 PPGFSPFR 97% 3.81 4.55 903.46 1.94 4529 404.07/710.0 69/65 25/29
Bradykinin 1-5 RPPGF > 97% 3.45 3.43 572.30 0.94 5733 320.1°/236.8 57/27 47/43

RT: retention time; Q1: precursor ion; Q3: product ion; DP: declustering potential; CE: collision energy. * Quantitative ion pair.
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Fig 1 Schematic illustration and photographs of the electromembrane extraction device

SLM: supported liquid membrane. A, Schematic of electromembrane extraction; B, metal well plate; C, polyvinylidene fluoride (PVDF) filter plate; D, lid with rod-

like electrodes; E, a 96-well electromembrane extraction device already assembled.
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Fig 2 The effect of different supported liquid membranes (A) and the addition of DEHP at different concentrations (B) in n-octanol on the performance

of the extraction of target substances (n=3)
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Fig 3 Effect of different pH values of donor and acceptor phases on the

extraction efficiency of target substances (n = 3)
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Fig 4 Effect of different concentrations of dimethyl sulfoxide, a modifier,
in the acceptor phase on the extraction efficiency of target

substances (n = 3)
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Table 2 Linear range, sensitivity, and stability of the established method (n = 6)

0
Peptide Linearity/(ng/mL) Regression equation r LOD/(ng/mL) LOQ/(ng/mL) nepme
Intra-day  Inter-day
Glu-Glu-Leu 0.1-100.0 y=74x10°x —22x10" 0999 0.01 0.03 9.0 7.0
Met-enkephalin 0.1-100.0 y=3.4x10"x+590 0.999 0.01 0.03 6.6 1.9
Leu-enkephalin 0.1-100.0 y=48x10"x+18x10" 0999 0.01 0.03 17 2.1
Neurotensin 2.0-100.0 y=11x10°x —1.6x10° 0995 0.01 0.03 36 0.6
Gonadotropin-releasing hormone 0.1-100.0 y=19x10°x —14x 10" 0998 0.01 0.03 6.2 4.5
Neurokinin P 2.0-100.0 y=74%10'x—14x10"  0.997 0.50 1.50 0.9 5.0
Angiotensin 1-7 0.5-100.0 y=22x10°x—7.6x10"  0.999 0.02 0.06 52 27
Angiotensin 1T (3-8) 0.2-100.0 y=55x10"x —9.8x10°  0.999 0.01 0.03 8.6 8.3
Angiotensin I 1.0-100.0 y=68x10°x —59x10°  0.997 0.01 0.03 53 13.0
Angiotensin [ 2.0-100.0 y=89x10°x —1.6x10"  0.999 0.10 0.30 34 134
Bradykinin 2.0-100.0 y=61x10"x —1.1x10° 0.999 0.05 0.15 4.0 8.5
Des-Arg (9)-bradykinin 0.5-100.0 y=36x10°x—17x10°  0.999 0.01 0.03 08 6.3
Bradykinin 1-7 0.5-100.0 y=10x10"x —2.8x 10"  0.999 0.01 0.03 2.9 35
Bradykinin 1-5 0.1-100.0 y=96x10"x —2.1x 10" 0.999 0.02 0.06 0.5 32
Bradykinin 2-9 0.1-100.0 y=35x10x+19x10" 0999 0.01 0.03 3.9 48




2S5 JE - PRAE AR I -RRE €A R Uy v A R P R BRI 1231
75 75
60 60
£ 45 £ 45
2 30 2 30
s “ 15 ° 200
T TIRT I e ase
0 20 40 60 80 100 120 0 40 60 80 100 120 % 150
o Recovery/% e Recovery/% S
& L
o 100
120 120 A
100 _ 100 Z 50t
oo 80 < 80 £
L) ° ° = E\
L 60 o oe®® © 60 © L
o® °lg 3 ° . e olu B G Octanol + 5% DEHP
° ot ° 3
. ¢ 20 %0
[ ]
10 -8 -6 -4 -2 0 2 10 -8 -6 -4 -2 0 2
@ log P Q log P

B 5 IntREIB 0L R E R

Fig 5 Evaluation of spike and recovery and matrix effects

A and C, Extraction performances of peptides in the buffer solution; B and D, extraction performances of peptides in the urine sample; E, results of matrix effect

experiments.
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F3 RPBHNTFRREVIAREIKN SRR ER (n=3)

Table 3 The extraction performance of spiked experiments for 15 peptides in urine (n = 3)

Peptide Background/(ng/mL) Spiked/(ng/mL) Found/(ng/mL) Recovery/% RSD/%
Glu-Glu-Leu ND 5.0 1.0 21.0 8.2
10.0 2.4 239 8.5
15.0 4.0 26.5 4.9
Met-enkephalin ND 5.0 3.6 71.2 10.7
10.0 6.3 62.8 7.6
15.0 9.6 63.7 1.0
Leu-enkephalin ND 5.0 3.0 60.0 4.1
10.0 6.5 65.0 2.8
15.0 9.7 64.9 0.8
Neurotensin 1.45 5.0 2.5 50.3 7.4
10.0 5.2 52.4 9.7
15.0 7.5 50.3 0.8
Gonadotropin-releasing hormone ND 5.0 2.1 42.4 1.8
10.0 4.8 48.2 7.4
15.0 7.1 47.1 2.4
Neurokinin P 1.94 5.0 2.9 57.3 8.8
10.0 33 32.5 4.6
15.0 4.7 314 20.0
Angiotensin 1-7 0.35 5.0 2.2 44.1 10.7
10.0 5.5 55.3 16.1
15.0 7.5 49.7 4.7
Angiotensin I (3-8) 0.19 5.0 2.4 47.3 10.7
10.0 5.5 54.5 11.4
15.0 8.5 56.3 4.4
Angiotensin Il 0.87 5.0 2.1 41.2 2.1
10.0 5.1 50.7 14.3
15.0 7.5 49.7 2.1
Angiotensin | 1.87 5.0 1.9 37.3 16.2
10.0 2.3 22.6 14.0
15.0 4.4 29.6 19.6
Bradykinin 1.78 5.0 2.7 54.6 6.0
10.0 6.2 62.0 14.9
15.0 8.0 53.0 12.4
Des-Arg(9)-bradykinin 0.49 5.0 2.7 53.8 4.7
10.0 6.3 63.1 11.7
15.0 9.2 61.4 3.6
Bradykinin 1-7 0.29 5.0 1.4 283 2.2
10.0 4.4 44.2 15.0
15.0 8.2 54.8 6.5
Bradykinin 1-5 0.26 5.0 2.0 40.2 1.6
10.0 5.4 54.5 12.2
15.0 8.7 58.3 1.2
Bradykinin 2-9 ND 5.0 1.9 38.8 4.0
10.0 6.0 60.2 10.1
15.0 9.2 61.1 2.4

ND: not detected.
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Fig 6 Concentrations of 15 peptides in 19 urine specimens
R4 SHMBENTTERLR
Table4 Comparison with other methods
Pretreatment method ~ Organic solvent consumption  Extraction time ~ Number of analytes Sample Recovery/% Ref
EME 3ul 15 min 15 Urine 21.0-71.2 This work
SPE-concentration >12mL >2h 9 Plasma, brain tissues 59.2-111.8 [20]
SPE-concentration >3mL > 30 min 4 Plasma 58.0-62.0 [11]
SPE-concentration >1mL >4h 7 Plasma 60.9-98.8 [21]
PP-concentration 265 uL 16 min 14 Plasma 64.9-117.7 [22]
SPE >1mL >4h 3 plasma 81.0-113.0 [23]

EME: electromembrane extraction; SPE: solid phase extraction; PP: protein precipitation.
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