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RESULTS: BENCHMARKING OF WORKFLOW

• A: The HµLC method showed greater total peptide yield and lower CV’s for peptide and protein groups than the OM method. 
• B: There was a large overlap between the two methods as illustrated, with 7711 and 7477 peptides identified in the HµLC 

and OM workflows respectively, corresponding to 1140 and 1069 protein identifications  
• C: Minor differences were observed in MW, pI and GRAVY score for the unique proteins identified in each workflow 
• D: PCA plot showed that samples prepared using OM had a greater spread of data, indicative of poorer reproducibility 

between the technical replicates, while results from samples prepared with HµLC were more tightly clustered. 
• E: The HµLC method appeared to identify a higher proportion of lower abundant proteins (16% vs 12% for OM)
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AUTOMATED SAMPLE PREPARATION FOR BOTTOM-UP 
URINARY PROTEOME PROFILING IN CLINICAL PROTEOMICS
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• Urine is a diverse source of information related to a patient’s health and is gradually becoming a go-to biofluid for clinical proteomics. 
• There is currently no standard operating procedure for automated, reproducible & robust sample processing of urine for mass spec-based clinical proteomics
• Here, we present a novel workflow with direct protein capture on HILIC magnetic beads for Urine Low-volume Clean-up with on-bead digestion (HµLC), and 

compare this with a published on-membrane (OM) method developed by Berger et al (2015), as amended by Winter et al in 2021. 
• The primary advantages of HµLC is that it only requires 100 µl of urine, with direct on-bead processing and full automation. 
• The HµLC workflow was applied in two pilot studies: [A] Pancreatic Duct Adenocarcinoma (PDAC) & [B] Acute Kidney Injury (AKI) 
• For Study A: Urine was collected from patients with resectable (RST) and irresectable or metastatic (iRST/M) PDAC at Chris Hani Baragwanath Hospital. 
• Urine from AKI+/- patients was collected at the Tshepong Hospital Complex.
• We aimed to map the urinary proteomes of PDAC and AKI patients against a healthy cohort to gain clinical insights from their proteome profiles.

METHODS

• Berger ST et al., 2015. Blotting-High Throughput Polyvinylidene Fluoride (PVDF) Membrane-Based Proteomic Sample Preparation for 96-Well Plates. Mol Cell 
Proteomics. 14(10):2814-23. doi: 10.1074/mcp.O115.049650.

• Bernhardt OM et al., 2012, Spectronaut A fast and efficient algorithm for MRM-like processing of data independent acquisition (SWATH-MS) data. Proceedings of 
the 60th ASMS Conference on Mass Spectrometry and Allied Topics, 2012, Vancouver, BC, Canada.

• Vaidya VS et al., 2008. Biomarkers of acute kidney injury. Annu Rev Pharmacol Toxicol. 48:463-93. doi: 10.1146/annurev.pharmtox.48.113006.094615 
• Winter S et al., 2021. Urinary proteome profiling for stratifying patients with familial Parkinson’s disease. EMBO Mol Med/ 13: e13257. doi: 10.15252/

emmm.202013257

HµLC: Direct on-bead urinary proteomics 
workflow: bind – wash – digest – LCMS 

GRAPHICAL ABSTRACT

RESULTS: PILOT EVALUTION

Rapid magnetic workflow without time consuming 
precipitation or centrifugation, ~2.5 min per sample

PDAC PILOT
• A: A total of 78 DAPs were identified in iRST/M vs RST groupings, at 1% FDR,  ≥ 2 

fold change. The major biological pathways represented in this data were the 
immune system, complement cascade, and proteins associated with hemostasis 

• B: Clustering analysis revealed some overlap between patients with RST and 
iRST/M.

AKI PILOT
• C: For AKI samples, 137 DAPs were identified with the same parameter settings. 

The proteins RBP4, CYTC and B2M were found in increased abundance with 
AKI+, and are known to be associated with kidney damage (Vaidya et al., 2008)

• D: The AKI + and - cases formed distinct clusters during PCA analysis

REFERENCES

INTRODUCTION

Increased urinary proteome coverage with high 
reproducibility from low urine volume (100 µl)

CONCLUSIONS
• We have developed a novel workflow, HµLC, suitable for the low-volume direct 

automated processing of clinical urine samples without the need for 
centrifugation or precipitation. 

• Automated sample processing of 96 samples on KF Flex at <2.5 min per sample
• Clinical urine samples processed with HµLC could successfully distinguish 

patients with AKI, and resectable vs irresectable/metastatic PDAC cases. 
• The workflow may find clinical applications for the analysis of urine samples in 

high-throughput

• The OM (on-membrane) method was performed according to Winter et al (2021)
• The 2 workflows were compared using a 3 by 3 approach (n = 9 tech replicates). Peptides were analysed using an Ultimate 3000 coupled to a TripleTOF 5600. 
• The HµLC workflow was applied in two distinct pilot studies (AKI and PDAC) to evaluate variations in the protein profiles between the cohorts. 
• Data was searched using a study specific library in Spectronaut 17 and differentially abundant proteins (DAPs) were analysed using GO annotation software. 

75µm ID, 25 cm, CSH column, nanoUPLC 30 min gradient 
at 300nl.min-1 , 48VW SWATH 

• Instrument, plate and sample images courtesy of biorender.com

Automated processing on KF 
Flex, protocol available from 

ReSyn Bio on request

COLLECTION OF CLINICAL URINE SAMPLES

NOVEL AUTOMATED URINE 
SAMPLE PROCESSING 

HULC WORKFLOW: LIQUID HANDLING

Urine

Sample Buffer:
8M UREA, 2% SDS Sequentially Reduce (10mM 

DTT) and Alkylate (30mM 
IAA) at RT for 30 min each

Pierce Quantitative 
Colorimetric Peptide Assay

DIFFERENTIATION IN 
CLINICAL COHORT

Disposable 
plastic 
comb 

collection 
96 well

1

2

3

45

6

7

8 Microparticle 
collection:
20% Ethanol 

Storage Solution 

HILIC 
Microparticle 
equilibration:
100mM NH4Ac pH 

4.5; 15% ACN (1min) 

Wash 1:
95% ACN (1min)

Wash 2:
95% ACN (1min)

Protein bind: 

1:1 Protein Binding 
Buffer to Sample: 200 

mM NH4Ac in 30% 
ACN (15 min) 

On-bead 
protein 

digestion: 

50mM NH4 Bicarb 
pH 8; 37°C (2hr) 

Trypsin  1 :10

Na+

Cl-

Na+

Cl-

Na+

Cl-

Elution: 
1%TFA (5min)

KF Deepwell Plate
~820 µl: Position 4

KF Deepwell Plate
400 µl total 

+

Add 
Bind Buffer

A B

C D
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