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How do you make HPLC a similar success story in routine 
intact protein analysis in the Bio World?

Separate Expressed Proteins from highly complex samples –
Lysates, Subcellular Extracts, Sera, BioFluids, etc.

Protocol Driven Experimentation – Inter and intralab
comparison of data from complex samples.

Visual Imaging of Complex Systems – 100’s to 1000’s of  
Proteins to be separated per sample. 

Smooth Interface with MS – ESI-TOF (MW), LCMSMS (ID)

Smooth Interface with Antibody and Staining Detection 
Methods – Westerns, ELISIA’s, etc.

HPLC has been so successful in routine Pharma
small molecule – drug development…….

In the post-Genomic era, however, …



HPLC Based Strategies for Analysis of Proteins in Complex 
Biological Systems

1. Using the PF2D liquid fractionation system provides strategies for 
protein mapping that serve as useful alternatives to 1D and 2D Gel 
electrophoretic based methods in Proteomics.

• NPS® RP HPLC  for 1D separations 

• CF – NPS® RP HPLC for 2D orthogonal separations

2. Liquid fractions generated by the PF2D instrument provide a very
efficient means of mining for new and existing protein biomarkers:

• Proteins are isolated “intact” for direct PTM analysis.

• High degree of automation possible from sample prep to 
detection using antibodies and MS techniques.

• 1D and 2D Protein Microarrays can be easily printed for testing 
with a variety of probes and detection methods.



ProteomeLab® PF2D System from Beckman Coulter

CF Module RP-HPLC Module

Chromatofocusing (pI) – RP-HPLC (Hydrophobicity)

Mapping Tools Imaging 
software for easy visualization 

of complex data

Versatile Instrument for 1D and 2D liquid 
fractionation of complex protein samples



ProteomeLabProteomeLab PF2D FlowPF2D Flow--SchemeScheme

ProteoVue® Software Suite 

Bioinformatics

~ 1000 Liquid Protein fractions for MS analysis

or traceable “Array of Proteins” for analysis

~ 1000 Liquid Protein fractions for MS analysis~ 1000 Liquid Protein fractions for MS analysis

or traceable or traceable ““Array of ProteinsArray of Proteins”” for analysisfor analysis

Liquid CF Fractions
Every 0.2 – 0.3 pH units

1st Dimension                
pI – (Chromatofocusing)

11stst Dimension                Dimension                
pI pI –– (Chromatofocusing)(Chromatofocusing)

Liquid Fractions in 
Multi-well plates

2nd Dimension 
Hydrophobicity (RPHPLC)

22ndnd Dimension Dimension 
Hydrophobicity (RPHPLC)Hydrophobicity (RPHPLC)

~ 20 Liquid CF Fractions 
100 ug – 5 mg  protein loadings

~ 20 Liquid CF Fractions ~ 20 Liquid CF Fractions 
100 ug 100 ug –– 5 mg  protein loadings5 mg  protein loadings

Mass
Analyzer

2D (pI/Mass) Map

UV 
Detector

2D (pI/Hyd) Map



The totally non-porous nature of 
NPS provides for fast mass transfer 
kinetics and high recovery of 
proteins at low surface carbon loads 
and organic MP modifiers.  This 
allows for easy elution and recovery 
of highly hydrophobic proteins.

NPSNPS®® –– AnAn UltraUltra--Fast, highFast, high--
resolution HPLC support resolution HPLC support 
tailored specifically for, tailored specifically for, 

Proteins & MSProteins & MS

NPS Beads SEM NPS Beads SEM MagMag 5000x5000x

1.5 1.5 µµ NPS BeadsNPS Beads



Biological Samples Analyzed
Whole Cell Lysates

Melanoma, Breast, Colon & Ovarian Cancer Lysates; 
Hepatocytes, Mouse embryonic stem cells, Yeast, E. coli, 

Staph Bacteria, Rat Brain Tissue, PBMC’s

Protein BioFluids

Secreted Proteins (conditioned media), Sera, Plasma, Amniotic 
Fluid, Ascites, Saliva, Urine, Various Lavages, CSF.

Misc. Protein Samples

Veterinary Vaccines, Bacterial Antigens, Bacterial spores and 
extracts, Plant extracts, GMO samples, Meat Product extracts, 

Milk/Cheese Extracts



NPS RP-HPLC                  1D Gel  

HEL Cell Lysate Fractions

Wall, DB; et.al., Anal. Chem. 72(6) 2000, 1099-1111

LOD UV214 = 2 – 5 ng



Dauly, C., et. al., Journal of Proteome Research 2006, 5, 1688 -1700



Fast and High Resolution 
Analysis of Complex 

Protein Samples using 
NPS HPLC Columns 

NPS-RP-HPLC 
chromatograms of five 

examined MCF10 breast 
epithelial cell line 

microsomal extracts.

NPS-RP-HPLC chromatograms of two different 
MCF10AT1 microsomal extracts.  This figure 
illustrates both the reproducibility of the NPS-RP-
HPLC column separations and  of the membrane 
extraction protocol.

Chong BE, Lubman DM, Miller FR, Rosenspire AJ. 
Rapid Commun. Mass Spectrom. 1999; 13: 1808.
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1D Maps of LC-ESI TOF MS Data – Direct Interface of NPS RP-HPLC with ESI-TOF

Chong, BE; et.al., Anal. Chem. 73(6) 2001, 1219-1227

Mapping Tools Software for Imaging of Liquid Fraction Data
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Differential Proteomic Analysis 
of Ovarian Cell Lines

Ovarian clear cell adenocarcinoma (ES2) cell line & 
HPV16 E6/E7 ovarian surface epithelial (OSE) cell line

Here is why Intact Protein Analysis is important!
It is what HPLC brings to the table!

Maureen T. Kachman, Haixing Wang, Donald R. Schwartz, Kathleen R. Cho, and David 
M. Lubman,  Analytical Chemistry. Vol. 74, No. 8 (2002) 1779-1791.

Yanfei Wang, Rong Wu, Kathleen R. Cho, Kerby A. Shedden , Timothy J. Barder and David M. 
Lubman;  Mol Cell Proteomics, 2006, 5(1):43-52
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New Ovarian Cancer biomarker?!New Ovarian Cancer biomarker?!

VoyagerVoyager--STR MALDI TOF peptide mapping to ID proteinsSTR MALDI TOF peptide mapping to ID proteins

Mass Maps of Intact proteins



Mapping Tools Mass Map Images of pI 6.4 fraction for Ovarian Cell Lines

Database MW – Intact protein MW [∆ MW] values indicate type of PTM

OSE - pI Fraction 7 ES2 - pI Fraction 7

Fragile X Related Protein:
%B = 43.1%

MALDI MSFit MW = 69692
LCT ESI TOF MW = 69778

Kachman, M T.,et. al,  Analytical Chemistry. Vol. 74, No. 8 (2002) 1779-1791.

Ezrin (P81):
%B = 42.5%

MALDI MSFit MW 69399
LCT ESI TOF MW = 69308

∆MW = + 91 Da

MicromassMicromass LCT ESILCT ESI--TOF analysis of comparative pI fractionTOF analysis of comparative pI fraction

∆MW = - 86 Da



New Protein Biomarker Search Protocol

Liquid Fractionation provides direct access to the “intact” 
proteins reducing sample complexity and allowing for easy 

interface with MS Tools and Microarray Printers!

⇒ Combine MS Tools with Microarray detection methods to 
make a better biomarker search and selection platform!

Complementary and Independent detection methods for the 
same Sample (Fraction)!

Initial Biomarker Validation data at the start of the search 
and selection process!



Protein identification
(On-Chip mass spectral analysis)

PF2D liquid-phase fractionation
(PI, hydrophobicity)

Whole cell or Sub-cellular 
isolate (membrane, cytosol)

Proteomic profile
(analytical)

Fraction collection
(preparative)

“A bottleneck in creating protein 
arrays, especially those which aim 
to be global, is the production 
(expression and purification) of the 
huge diversity of proteins which 
will form the array elements, 
including capture molecules.” The 
European Science Foundation

Glass support
Gel drops with
immobilized probes

Array fabrication

Dan Schabacker; ANL



Patwa, T., et. al.,
Anal. Chem., 78 (2006) 

6411-6421

1D NPS



Can Monitor Type 
and Extent of 
Glycosylation

with this 
methodology.

Zhao, J., et. al., J 
Proteome Res. 2007 
May 6(5) 1864-74. 





Stain with ProQ then anti P-Try

[Global]            [Specific] 

MS 
relevant 
“spots” 

only!

“X”

(+) MA 
result 

but

(–) MS 
result!



Taylor, B., et.al, MCP 7(3) 600-611, 2008



Eprogen’s Novel 3D Gel Drop 
morphology for printing Microarrays

Hydrated (glycerol present)                  Glycerol removed

Deposition with 150 micron pins results in a drop 
diameter of approximately 110 microns and a wet 
volume of 0.13-0.17 nl 



Microarray Applications
A means of probing samples for “what we do not know!”
Humoral (Autoantibody) Response

Normal – Benign – Drug Treated – Diseased Patients Serum Screened using 
2D Microarrays produced from Standard Cell lines and Primary Tissues .

Antibody Screening/Profiling
Tissue/BioFluid screened against known Antibodies

Antibody screening for improved selectivities

Host Cell protein contamination screening

Post Translational modification screening.
Phosphorylation Activity

Glycosylation



……………….Mapping a new direction .Mapping a new direction 
in Proteomics……...in Proteomics……...


	Eprogen’s Novel 3D Gel Drop morphology for printing Microarrays

