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Goal
Create a robust and reproducible method for 
performing global proteomic/peptidomic analysis 
of urine for translational research. The integrated 
workflow includes sample preparation, sample 
analysis, and data acquisition for intact and 
bottom-up qualitative and quantitative proteomics 
studies.
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Introduction
Urine plays a central role in clinical research due to its 
non-invasive sample collection, relative stability, and rich 
protein and peptide content originating from numerous 
bodily sources and functions such as glomerular filtration, 
and tubular and seminal secretion.1,2 This rich collection 
of proteins and peptides offers an exciting biomarker 
source for translational research with the potential to 
cover a wide range of diseases. Therefore, global profiling 
methods that increase the effectiveness of protein and 
peptide screening in urine are of great interest. Ideally, 
for research purposes, a single robust high-throughput 
analytical workflow would enable identification of putative 
biomarkers in urine across many diseases and disease 
states. 

Global profiling studies in particular require integrated 
workflows that provide comprehensive, reproducible,  
and efficient sample preparation and detection. The 
workflow should facilitate individual sample evaluation,  
as well as relative and/or absolute quantitation of 
numerous samples for the purpose of differential 
analysis.



These workflows must also enable sampling the 
sub-proteome using well-characterized routines that 
facilitate pattern recognition to automate the sensitive 
and selective identification of putative biomarkers.

Though the peptidome has become the primary focus for 
biomarker identification in urine, analysis of urine samples 
presents several challenges. These challenges include 
the relatively low protein and peptide concentrations in 
urine compared to plasma (0.2 mg/mL), ion suppression 
due to the presence of small molecule metabolites, 
and an extremely large range of protein concentrations. 
Traditional sample preparation methods using molecular 
weight cutoff (MWCO) filters are time-consuming, 
requiring up to an hour of centrifugation per step and 
may not address ion suppression.

For peptidome analysis, sample preparation methods 
often use MWCO approaches to filter and capture low 
molecular weight analytes (< 20 kDa) prior to analysis.2 
Filtering increases the dynamic range of detection and 
facilitates signaling peptide profiling. The peptidome 
is generally amenable to liquid chromatography-mass 
spectrometry (LC-MS) global profiling methods due to 
its solubility. LC-MS methods also offer the advantages 
of routine sensitive detection, characterization, and 
quantification using either top-down or bottom-up 
experimental approaches. 

This application note introduces an integrated global 
peptidome profiling workflow for urinary biomarker 
analysis. The workflow integrates solid phase extraction 
(SPE) off-line sample cleanup and concentration with 
MWCO and LC-MS methods.3 LC-MS analyses can be 
performed via top-down or bottom-up profiling using the 
same mass spectrometer. In addition, the workflow can 
be used to create spectral libraries.

Experimental 
Sample Collection
Urine samples were collected from a healthy donor.  
The urine samples were collected over a 12-hour period 
and the final volume was approximately 1 L. The samples 
were then acidified to 2% with acetic acid and stored at 
4 ˚C until use. 

Sample Preparation
Thermo Scientific™ HyperSep™ RETAIN CX and Thermo 
Scientific™ SOLA™ SCX products were used to perform 
off-line protein concentration and purification.3 

The HyperSep RETAIN CX 200 mg/6 mL cartridge 
[P/N 60107-314] was used in method development 
to determine the ideal salt concentration for protein 
and peptide extraction. The SOLA SCX 10 mg 96-well 
plate [P/N 60309-002] was used to perform bottom-up 
peptidome analyses, evaluate method reproducibility, 
and assess protein-loading effects.

Method Development: In the first set of experiments,  
a HyperSep RETAIN CX 200 mg/6 mL cartridge was 
used to evaluate the effects of salt concentration on 
protein and peptide extraction off of the CX bed, as well 
as the molecular weight distribution of intact proteins and 
peptides obtained using high-resolution accurate-mass 
(HRAM) MS detection. A 20-mL urine sample aliquot 
was loaded into the HyperSep RETAIN CX cartridge and 
pumped through, extracting and capturing the urine 
contents. Two 9 mL rinse steps were used to extract 
the salt and hydrophilic components (0.1% formic acid) 
and negatively charged and neutral hydrophobic small 
molecules (85% isopropyl alcohol (IPA) and 0.1% formic 
acid). Sequential protein and peptide extraction was 
performed by loading a series of 1 mL salt solutions 
comprised of 40:60 IPA/ammonium formate where the 
concentration of ammonium formate was increased 
from 25 to 1800 mM. One mL of flow through at each 
salt concentration was collected into an Eppendorf tube 
and lyophilized. The samples were then reconstituted 
using 94:5:1 (water/methanol/acetic acid) and injected 
onto a Sephacryl® S-100 (GE Healthcare Life Sciences) 
size exclusion chromatography (SEC) column for LC-MS 
analysis. Each sample passed through the HyperSep 
RETAIN CX cartridge in approximately 2 minutes, 
significantly reducing the overall sample preparation time.

Method Evaluation: A second set of samples was 
created using a SOLA SCX 10 mg 96-well plate. To 
evaluate loading capacity and reproducibility at the  
target 750 mM ammonium formate salt concentration, 
the urine volume in the well was increased by values 
ranging from 0.5 to 8 mL. There were three technical 
replicates analyzed for each volume. Following sample 
loading into the SOLA SCX 96-well plate, the rinse  
cycle described above was used. Protein and peptide 
elution was performed using 400 µL of a 40:60 IPA/ 
750 mM ammonium formate (in a single step).  
The eluted material from each well was simultaneously 
collected in a separate 96-well plate and lyophilized as 
described above. The samples were reconstituted and 
digested according to standard trypsin protocols for 
bottom-up analysis.
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LC-MS Sample Analysis
Chromatographic separations were performed using a 
Thermo Scientific™ Dionex™ UltiMate™ 3000 RS binary 
system with a SRD-3600 degasser, HPG-3400RS 
pump, WPS-3000TRS sampler, and a TCC-3000RS 
column compartment. The binary gradient consisted 
of A) 0.2% formic acid and B) acetonitrile (0.2% formic 
acid). The Thermo Scientific™ Q Exactive™ HF hybrid 
quadrupole-Orbitrap mass spectrometer was used for 
data acquisition. 

Method development: For salt fraction LC-MS analyses, 
an isocratic separation of 18% B flowing at 200 µL/min 
was used on a 7.8 x 150 mm SEC column packed with 
Sephacryl S-100 (GE Healthcare Life Sciences). Sample 
aliquots of 20 mL each were loaded directly onto the 
SEC column. The eluent was diverted to waste for the 
first 8 minutes of the experiment to prevent its flow into 
the mass spectrometer ion source, after which time the 
flow was diverted to the LC-MS instrument for the next  
25 minutes for HRAM MS analysis over the full scan 
range of 600–3000 Da. A MS resolution setting of 
240,000 (m/z 200) and a 5e6 automatic gain control 
(AGC) target value were used. 

Method evaluation: The second set of bottom-up  
LC-MS analyses was performed to characterize the 
sample peptidome, evaluate method reproducibility, and 
assess protein-loading effects on the SOLA SCX 96-well 
plate. For UHPLC separation, 20 µL of prepared sample 
was loaded directly onto a Thermo Scientific™ Acclaim™ 
120 C18 column (2.1 x 250 mm) with 2.2 µm particle size. 
The solvent system used was the same as that used for 
the SEC analysis of the ammonium formate salt fractions. 
Digests were loaded at 5% B and washed for 2 minutes 
prior to the onset of a 0.63 percent per minute linear 
gradient over 30 minutes. The column was washed and 
re-equilibrated prior to introduction of the next sample. 
LC-MS data acquisition was performed using the 
pSMART hybrid data acquisition and processing strategy, 
which provided qualitative and relative quantitation 
information for determining load response.  

Data Processing
Method development: The charge state distribution 
profiles obtained from the HRAM MS analysis of intact 
proteins and peptides at each ammonium formate salt 
concentration were evaluated using the Qual Browser 
module of the Thermo Scientific™ Xcalibur™ software. 

Method evaluation: The bottom-up pSMART data was 
evaluated using Pinnacle software (Optys Technologies, 
Inc, Boston, MA) to determine reproducibility and relative 
abundance as function of the urine volume loaded on the 
SOLA SCX 96-well plate. Spectral matching of pSMART 
data was performed using a previously generated mass 
spectral library of data dependent acquisition (DDA) 
results acquired on a Thermo Scientific™ Q Exactive™ 
mass spectrometer and searched using Thermo 
Scientific™ Proteome Discoverer™ software version 1.4. 

Comparative data analysis, including relative area under 
the curve (AUC) calculations, was performed using 
Pinnacle software. 

Results and Discussion
The primary goal for global protein and peptide profiling 
is to develop analytical workflows with a high degree of 
reproducibility and robustness to support large-scale 
studies. By minimizing the variance attributed to sample 
handling and data acquisition, greater confidence in 
determining biological variance and more effective 
stratification and identification of putative biomarkers can 
be achieved. Performing global peptidome profiling in 
urine presents further challenges due to 1) the variability 
of protein load associated with various disease states, 
and 2) the presence of large amounts of salts, lipids, and 
other charged compounds that create ion suppression, 
contaminate the UHPLC column and mass spectrometer, 
and interfere with automated data processing.  

To reduce these negative effects, urine sample 
preparation methods typically use SPE to filter and 
concentrate samples, and to facilitate MWCO methods. 
Here the HyperSep RETAIN CX and SOLA SCX products 
were used for sample cleanup and concentration. 
Figure 1 depicts the physical attributes of (1A) 
conventional SPE products and (1B) the fritless SOLA 
SCX product technology.
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Figure 1. Comparative diagrams of conventional SPE products and (1B) fritless HyperSep RETAIN CX cartridges used for routine 
preparation of biological samples.

1A 1B

The primary difference between conventional SPE 
and SOLA products is the packing bed. SOLA SPE 
products utilize fritless SPE technology to achieve 
fast flow rates and low elution volumes, which in turn 
reduce the downstream sample handling time needed 
to concentrate samples and remove solvent. The fritless 
design also increases reproducibility by eliminating 
the potential for voiding, channeling, or other packing 
inconsistencies that increase measurement variance. 
The fritless SOLA products are manufactured in 2 and 
10 mg bed sizes to accommodate a range of sample 
loading amounts.

In the experimental workflow presented here, the SOLA 
product is used to concentrate urinary proteins and 
remove small molecule contaminants. Ammonium 
formate salt solution displaces proteins and peptides 
for extraction. Further sample preparation, such as 
enzymatic digestion can be applied, or direct analysis 
can be used to determine molecular weights.  

Method Development Results
The first step of the workflow presented here evaluated 
the effects of the ammonium formate salt concentration 
on the molecular weight distribution obtained using 
HRAM MS. Figure 2 shows the SEC profile for the  
25 mM ammonium formate elution. An isocratic solvent 
concentration was used to elute the peptidome off of 
the SEC column according to molecular weight. Though 
the SEC column provided for global analysis of peptides 
re-suspended in the extraction solvent, it also yielded 
very little chromatographic resolution. To characterize the 
elution profiles, an averaged full scan HRAM spectrum 
was taken at three different chromatographic time 
regions. The spectrum in Figure 2A shows the sample 
background where the TIC was of extremely low intensity 
(5e3 signal) indicating little contamination relative to 
the typical background intensity observed when using 
conventional HPLC. The spectrum for the second time 
region (Figure 2B) is approximately 5e4 in intensity, which 
is considered low signal intensity for most C18 columns, 
yet the signal-to-noise is acceptable at approximately 
150. Isotopic fidelity was maintained for peptides with 
signals of approximately 2e2 (data not shown). The Figure 
2C spectrum shows that peptides with precursor charge 
states generally between +3 and +6 (z=3 to 6) were 
obtained in the chromatographic time region 2C. The 
most intense chromatographic region is shown in  
Figure 2C which contains peptides with +2 and +3 
charge state precursors. 



Figure 2. Representative SEC separation of a urine peptidome extracted off of a HyperSep RETAIN CX cartridge 
using IPA/ammonium formate solution at a concentration of 25 mM. The three chromatographic regions labeled 
represent the typical elution profiles for a SEC column including the A) initial background, B) large peptide/small protein 
range, and C) smaller peptides extracted off of the SOLA cartridge.

The goal of the workflow is to reliably and routinely isolate 
the urine peptidome following sample concentration and 
cleaning. Eight different ammonium formate salt solution 
concentrations were evaluated to determine their ability 
to sequentially displace regions of the peptidome. Note 
that a large volume of the urine stock was loaded onto a 
single high-capacity HyperSep RETAIN CX cartridge and 
each sample was collected following the increased salt 
concentration.   
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Figure 3. The SEC trace and corresponding averaged full scan HRAM spectrum for 3A) 75 mM, 3B) 200 mM,  
3C) 750 mM, and 3D) 1800 mM ammonium formate solutions. The corresponding averaged mass spectra were 
collected and monitored from over a m/z range of 600-3000 Da. The data presented displays a smaller m/z range.

Figure 3 presents a comparison of results for four of the 
ammonium formate concentrations tested. As shown, 
the stepped shift from low- to high-salt concentration 
resulted in a chromatographic apex and peak shift from 
smaller to larger molecular weight proteins and peptides. 
The Figure 3 comparative full scan HRAM spectra show 
salt concentration induced changes in the precursor 
charge state distribution profiles.



The robustness and flexibility of the sample preparation 
workflow was evaluated using bottom-up LC-MS 
analysis. Incorporating a tryptic digestion step allows for 
routine peptide detection and relative quantitation. Using 
the same sample preparation routine, an increasing 
volume of stock urine was prepared. The different urine 
volumes were loaded into the SOLA SCX 10 mg 96-well 
plate, washed, and reconstituted with 30 µL of the 
750 mM ammonium formate solution. The sample 
solution was then extracted and digested using standard 
trypsin digestion protocols resulting in a 50 µL solution.  
A total of 20 µL of the solution was loaded directly onto 
the Acclaim 120 UHPLC column for analysis. 

Figure 4. Pinnacle software summary report showing comprehensive results for all proteins and peptides across all urine sample load 
volumes. The table lists the qualitative and quantitative results at the peptide level, which are used to determine the protein response.

The profiles ranged from predominantly +2 to +4 at the 
75 and 200 mM concentration level, to +4 to +7 at the 
750 mM concentration level. The results obtained using 
the 1800 mM ammonium formate concentration yielded 
measurement of fewer peptides and small proteins, 
and the charge state distributions ranged from +4 to 
+8. Because it provided the greatest urine peptidome 
coverage, the 750 mM ammonium formate solution was 
used for subsequent method evaluation experiments.  
If a wider range of the peptidome is targeted for analysis, 
a higher salt concentration can be used to displace 
analytes off of the CX bed. 

The pSMART data acquisition method was used for 
global protein and peptide profiling, resulting in  
reproducible DIA sequencing and HRAM MS 
quantification. The global protein results were calculated 
and displayed using Pinnacle software. The reported 
protein values are based on all quantified peptides 
attributed to the protein sequence. The resulting 
summary report for each urine load volume is presented 
in Figure 4.

The table shown in Figure 4 lists each protein in 
the spectral library along with their respective high-
confidence peptide matches. The measured protein 
AUC values are based on the weighted average for all 
confident peptides detected, scored, and quantified. 
The report is filtered to display only those proteins that 
have confident peptide matches. Confidence is based 
on matched product ion spectra, precursor isotopic 
distribution analysis, retention time accuracy, variance, 
and acceptable chromatographic peak shape. The 
results for two of the proteins are expanded to show  
the collective peptide response for Apolipoprotein D  
and Kininogen-1.



The comparison of response enabled evaluation of load 
capacity for the SOLA SCX 10 mg 96-well plate. A linear 
response was observed for most proteins over the 
500 to 2000 µL (0.5–2 mL) range of loading volumes. 
At 4000 µL (4 mL) the loading limit was reached. 
Evaluation of the measured variance distribution 
demonstrates the results were reproducible across 
the loading volumes tested. Reproducibility across 
load volume provides robustness and flexibility when 
studying disease states that void wide ranges of protein 
concentrations in urine. Figure 5 shows the protein 
variance distribution for each urine volume tested. A 
smaller variance distribution was measured for the lower 
volumes tested, but all levels showed approximately  
90% of all proteins had a measured variance of less than 
20% except for the 2000 µL loading volume.

Figure 5. Reproducibility of results for all quantified proteins for each urine volume evaluated. The protein variance 
is determined by quantifying all high-confidence peptide matches for each protein.
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Conclusion
Global peptidome profiling in urine presents challenges 
due to the variability in protein load and the presence 
of large amounts of salts, lipids, and other charged 
compounds that potentially cause ion suppression, 
contamination of LC-MS instrumentation, and 
interference with automated data processing. To address 
these challenges, this application note presented 
the development and evaluation of a robust and 
reproducible global peptidome profiling workflow for 
urinary biomarker analysis. The workflow combines SPE 
offline sample cleanup and concentration with SEC for 
MWCO and HRAM LC-MS. Compared with traditional 
sample preparation approaches that use MWCO filters, 
the workflow increases throughput by eliminating 
the need for time-consuming centrifugation steps. 
Though qualitative and quantitative LC-MS analyses 
can be performed via top-down or bottom-up profiling, 
method performance was evaluated using a bottom-up 
approach. 

The SPE and MWCO sample preparation steps provided 
reproducible concentration, purification, and filtration 
of user-defined molecular weight regions for the 
targeted urinary peptidome. Method development was 
used to determine the ideal ammonium formate salt 
concentration for protein and peptide extraction, a  
750 mM solution, though if a wider range of the 
peptidome is targeted for analysis, a higher salt 
concentration can be used. 

Bottom-up LC-MS analyses were performed to evaluate 
method reproducibility and assess protein-loading effects 
revealed the SOLA SCX 10 mg 96-well plate able to 
reproducibly handle various urine sample volumes.  
This is important in facilitating study of the large number 
and wide dynamic ranges of protein present in urine.  
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